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TECHNICAL EVALUATION REPORT

by

Roger F. Landry M.D. M.P.H.
HQ AFMOA/SGPA

Bolling AFS, D.C. U.S.A.

1. SYMPOSIUM Such exchange would also eliminate
costly redundant research and help

THE CLINICAL BASIS FOR AEROMEDICAL focus future research and
DECISION-MAKING 18-21 APRIL 1994, collaborative efforts with the
Palma de Mallorca, Spain. purpose of more effectively using

AGARD member nation resources and
2. INTRODUCTION solviz~g the more difficult or most

frequently encountered problems.
Authors from eleven countries
presented thirty papers in this four The scope of this symposium was
day meeting which included a broad, being determined not only by
technical tour. Significant to this the topics of the papers, but also,
meeting was the attendance and because of the open discupoion
presentation of a paper by a periods, by the attendees and member
representative of the Czech Republic. nations needs and interests. Of
Also of significance, was a clinical particular interest are cardi-
topic, the first since October 1991. ovaocular and neurological problems

including cardiac dysrhythmias, head
a. THEME injurJes, and human immunodeficiency

virim since thesa ar- either
This symposium addressed a topic of responsible for the greatest number
ever-increasing importance - the of problem decisions or the most
rationale behind aeromedical difficult. The mechanisms for
decisions. Lack of available data granting waivers wan an additional
required past decision- makers to be aKra of interest.
connervative when deciding who should
fly and who should not. Papers in Z.WMOSIUM P RA
this aymposium updated available data
and provided a focal point for The symposium comprlsed five sessions
e'icuesion and re-evaluation of each dealing with an aspect of the
aeromedical selection and retention declslon-making process In clinical
standards. Three discussion periods aerospace medicine. Topics did not
allowed for open exchange on topics deal with clinical conditions alone
of particular concern to member but also with the mechanisms to
nations i.e. cardiovascular and ensure consistency and necessary
neurological problems and HIV. follow-up.

4, PURPOSE AND SCOPE T1, symposium key note address
speaksr was Richard Hicuman M.D.

The purpose of this symposium was to M.P.H., consultant in Internal and
exchange data, experience, and Aerospace Medicine at the Mayo Clinic
management rationales dealing with in Rochester, Minnesota and formerly
the very difficult task of aero- Chief, Clinical Science Division at
medical decision-making. Sharing the USAF School of Aerospace
this information would enable nations Medicine, Brooks Air Force Base,
to update management protocols based Texas U.S.A.
upon experience and data made more
powerful by its collective nature. Session I dealt with ihe overriding

principles behind aaromedical

Prrwnsi. a Sy.soniwn an '7Te Ctill'al Ylis for Aeramm.al DacLiion. AMkog, Aorif 1994.

1A
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standards, the mechanisms used by The keynote address was just that.
member nations, and the collective It characterized the setting of
experiences of these waiver systems. aeromedical decision-making as one in
Included was a discussion period which our understanding of the true
entitled "Should This Pilot Fly?" nature of asymptomatic diseases and

disorders is both rudimentary and
Session II addressed the process of simplistic. A setting in which our
evaluating aircrew members who are very physical standards are an open
being considered for waiver for declaration of our ignorance, for why
selected conditions. else would we be required to make the

same decision in the came way, every
Session III considered the difficult time instead of individualizing
area of decision-making when neuro- dispositions as done in clinical
logical conditions are involved. medicine? The speaker both lamented
Since conditions under consideration and endorsed this systematic, even
have the potential to cause sudden rigid, process for arriving at
incapacitation, participant interest dispositions, acknowledging that it
was particularly keen during the is indispensable for airorew
discussion period, standards research.

Session IV presented new information Dr. Hickman clearly differentiated
on a number of conditions involving the practice of clinical medicine
multiple systems. Of particular note from that of aerospace medicine,
was the recommendations from study where by almost any standard,
groups based on over two decades of clinical practice is conducting upon
data. a much more robust foundation than

aerospace. He accepted that some of
Lastly, Session V featured a paper this is inherent and unalterable,
from the Czech Republic and a final however he further noted that there
discussion period. are aspects of aerospace medicine

which are amenable to alteration. By
6, TECHNICAL EVALUATION addressing particular information

voids we can facilitate sound
The topics addressed in the thirty asromedical decisions. These areas
papers presented in this symposium as: the natural history studies of
served to both increase our knowledge asymptomatic disorders, the merging
of the current available experience of medical epidemiologic data on
with diseases of aeromadical subclinlce' proceses in air crew.
significance and to underline the Dr. Hickman further focused our
areas where data is sparce and attention on selection research --
decisions are necessarily on lees research tied to outcomes of interest
firm ground. The papers covered -- as offering the greatest return on
management and decision-making investment.
systems, specific protocols for
arriving at the decision-making Having identified the milieu in which
point, data collected over years of we practice our specialty, and
research which can assist in suggested areas where we can make
decision-making, challenges presented signiZicant progress for the least
by specific conditions, and investaAt, Di. Hickman challenged
disnumseln of nousible future the Aerpmodlcal Panael of ADARD to
collaborativa efforts aimed at serve as the sponsor for true
putting decision making for multinational research projects.
particularly vexing conditions on a Both the enormous pools of talent and
firmer scientific basis in the least the clinical denominator to produce
time for the least commitment of solutions Are available to the AMP.
resource for &ny particular cQuntcy. The aroa of pharmacology Is

particularly conducive to this
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collaborative approach since each Two examples of printed guidelines
NATO member has areas of excellence for requesting waivers were dis-
which they could contribute. Having tributed to attendees by the US Air
decided on which drugs were of Force and Navy.
interest to the AGARD community,
member nations would then work in Most waiver systems, as noted in
parallel to produce rapid results papers #2 (Vasteseeger), #3 (Bailey),
with great economy. Thie information #4 (Gallagher), #5 (Rios-Telada) are
would benefit both the enormously to highly centralised yet attempt to
the International acromedical individualism the categories (paper
knowledge base. This approach would #1) and consider of factors such as
allow nations to have more there- experionce, aircraft type. mission,
peutic agents available to them to and medical condition. A review of
treat disorders of aircrew while waiver data (paper #2,3,4, and 5) was
maintaining theta on flying Itatus, particularly helpful in identifying
thus saving enormious sums on training those conditions most likely to cause
and repacement cnsts. disqualification, most likely to be

waived, and most frequently seen.
The formal program began, quite This data was consistent for the
naturally, with the processes threa nations presenting. Such data
involved in allowing an aviator with systems, particularly the extensive
a disqualifying medical condition to Aviation Medical Data Retrieval
obtain a waiver to fly. Paper #1 System (AMDRS, paper #6 Nickle),
(Giovanetti) clearly spelled out the offer much as a resource for
criteria necessary to consider and epidemiologic studies. Hlowever, the
aviator for waiver: point was made in the very active

discussion period, that the most
a. There must be minimal risk valuable information these data

of sudden incapacitation. systems can give the aeromedical
community is prospective studies

b. There must be minimal addressing such questions as& How
potential for subtle 1prformance long was the waivered aviator's
decrement, particularly with regard flying career? Was he ultimately
to the higher senses. disqualified for this condition? and

most importantly, Was he involved in
c. The condition must have any mishaps and was his condition

resolved or be stable and be expected casual or related?
to remain so utider the stresses of
the aviation environment. The next topic for consideration of

the symposium was the evaluation of
d. If there is a risk of the aviator, whether scr&nning for

progression or recurrence, the disease or determining the
symptoms must be easily detectable aeromedical significance of
and must not pose a risk to the discovered abnormalities. Paper #8
safety of the individual or others. (Rciohenbach-Klinke) outlined the

attributes of an effective aviation
a. The condition must not medical screening test as one:

require exotic tests, regular designed to detect conditions which
invasive procedures or frequent are a threat to flying safety, with
absenses to munitur £fv: otability or high sanaitivity and specificity, and
progression, inexpensive to run. We have not

always been successful in achieving
f. The condition must be these characteristics and many

compatible with performance of screening systems have come into
sustained flying operations in general use which were of question-
austere environments worldwide, able value (paper #16 DeVoll).

Although this is understandable

K
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given the critical need for tools to subtle or catastrophic incapac-
assist the decisionmaker, we must itation, they are of great interest
subject every screening test to to the aeromedical decisionmaker.
rigorous epidemiologic scrutiny in Yet decision criteria are still
order to ensure it is fulfilling its primitive. Paper #18 (Porcu)
intended purpose. addressed that challenging area of

mild head injury and concluded that
Paper #16 demonstrated a rigorous there exLits no diagnostic protocol
review which reeulted in a with an unequivocal prognostic value
recommendation to abandon a test for ^nd therefore we must use electro-
the evaluation of wyncope and to rely physiologic, neurophyuiologic and
on a step-wieg algorithmic approach, neuropachologic tests available.
which is highly individualized and, However these tests would be of much
as always with syncope, very more value, the authors zontend, if
dependent on history. Paper 014 baseline tests were available for
(Merchant) described, on the other comparison. Paper jý1 (Glaser) and
hand, a method of evaluating 120 (Ribeiro) also advocated the use
psychologic fitness in the aviator or of electrophyslologic, particularly
potential aviator which appears to the ERG, in the selew:tion of aircrww,
offer a consistent, simple tool. however paper 121 (Firth) challenged
However this system, as with many its value: "Because and abnormal EEG
used in selection, has not been has meant de-selection and most
rigorously examined because of the rejected candidates have not been
requirement for long term prospective followed up, the sensitivity and
studies, and the ftllow-up of non-- epecificity of the EEG in the
selectees. Paper #15 (Bles) screening setting has yet to be
described a less expensive, highly established." He emphasized the past
sensitive and specific tost to detect and family history as the significant
susceptibility to motion sickness, criteria mince first ceizures in the
and demonstrates what should be the ages group 20-60 are due to alcohol,
goal of test designers in aviation head Injury, infectivn or tumor, for
medicine. Paper #9 (Oanese) which no Egg markers would be present
advocated thyroid stimulating hormone at selection.
as a screan for thyroid diseese but
demonstrated another Important Paper 122 (Rias), #23 (Pippig), and
principle of screening in #24 (Feud), dealt with the management
reconwending that the test be used of spine and spinal nerve Injury
for those at risk for developing which calls for examination,
hypothyroidism rather than the entire radiographic studies, and
screened population. Paper #10 slsctrophysiologic tests to fully
(Seigneuric), and #12 (Ossard) evaluate the condition. Rios goes
presented excellent use of technology further too recommend that baseline
to functionally evaluate, in a more XHls be obtained to offer a baseline
practical manner, an aviator with a for comparison with a post election
demonstrated medical condition: the spine, or a poet long term high G
in-flight Molter, and tho medically exposure. This, of course, would be
monitored centrifuge ri•d. Lastly, valuable information, however it
paper #13 (Myhre ) challenged the challenges the cost effecti.ve
time honored system of putting criteria for a good teat.
aviators Involves in mishaps
immediately back into the coukpit, Lastly, paper #28 (Azofra) reviewed
and offered compelling reasons why the challenge to deciliormukarv posed
this should be done only after by human immunodeficiency virus
adec&uate counseling. (HIV). The paper accentuated the

need for studies which evaluate
S Since neurologic conditions are asymptomatic esropositive individuals

particularly likely to result in in order to assist in determining

I
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the disposition of these difficult performance) and frequent testing
cas&2. There was much discussion on combined with new standards. PRK is
this topic ard most agreed that until surgery using lamer tachnology to
more information is available, 111V ablate and reconstruct the cornea
positive aviators must be evaluated with the intent of changing
or a case by came basis, refraction. As with radial

keratotomy (RK) this procedure is
The next session dealt with a variety attractive to aviation candidates who
of conditions. Paper 125 might otherwise be disqualified for
(Richardson) and #26 (Munson) flying. Although it Lppears, Ivan
demonstrated the *gold standard" of contends, that PRX is most likely
aeromadical studies and the approach going to be widely accepted and a
which is an absolute requirement for successful way to treat myopia, he
the aeromedical docisionmaker. These feels it has no place in the aviation
papers reported the results of two environment until fully investigated
long term prospective studies dealing to include the long term effects of
with supraventricular condition to the procedure.
the flight surgeon, and sarcoidosis.
With the power of a cohort study with The last paper #31 (Rada) offered a
hundreds of person follow-up years, revealing review of an eleven year
these studies wire able to recommend study to determine the use and
significant liberalization of the effectiveness of selected medications
present standards. Unquestionably, in Czech aviators with medical
these types of studies represent the conditions which would have otherwise
solution to many of the problems been disqualifying. The paper is the
facing the aeromedical decisionmaker first by a former Warsaw Pact nation
today, including many of the topics at an AMP symposium and opens a new
discussed at this symposium. era of asromedical cooperation.

Paper #27 (Sabos) offered another 7. CONCLUSIONS
alternative to the prospective study
approach of papers 026 and #27. By 7.1 Aeromedical decisionmakers face
means of a retrospective approach significant pressures in a rescurce
-ombined with an extensive review of limited environment to maintain

icent literature, a practical trained aviators in the cockpit, and
uiiponition for aviators with select Qandidates who will fly a full
asymptomatic cholelithiasis was career.
proposed, once again, significantly
liberalizing former apprcacb-i. 7.2 New medical conditions such as

HIV, and new technology such as
Paper #29 and #30 (Ivan) offered photo-refractive keratectomy present
.,mprehonsive reviews of two new challenges to the decisionmaking
important ophthalmolgic topics, color process.
vision and photo-refractive
keratectnmy (PRK). Ivan presented a 7.3 Well designed studies with large
thorough review of color vision denominators can provide the data

staiiid~cw, aad cleaakly diafv;Pa&L9&u i~vcas&&ty to taake Offac&ve
the increased demand on color vision aeromedical decisions.
capabilities of the modern aviator.
Given these demands, it is clear we 7.4 Reduced resources limit our
must select for the "super cone man" abilities to accomplish tne aeceusssy
the aviator whose color vision will studies.
be able to capitalize on the aircraft
displays and other color challenges 7.5 The free exchange of aeromedical
in the aviation (to include experience amongst nations offers the
assessment of blue/yellow opportunity to obtain the data

1~Q
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necessary to make difficult
aeromedical decisions.

S. RRCOMMENDATIONS

8.1 The Aeromedical Panel of AGARD
continue to sponsor clinical symposia
designd to share acquired dita in
order to assist member nations in
making difficult auromedical
decisions.

8.2 The AMP act as a focal point for
developing joint studies which c&n
provide the necessary study subjecti
and expertise not possible .n any one
member natiun.

8.3 The AMP propose a AGARD working
group to develop the mechanihm for
joint evaluation of medications for
potential aviation use.
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THlE CLINICAL BASIS FOR AEROMEIDICAL DECISION MAKING

3. R. Hlickmian, Jr., M.I).
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iDeparitment Of 11lot aal Medicinte
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Mr. Citairnian. AGARI) colleaguesý. ttd guests. We t al-cl ecustontled to thle Fact that in
Plelse aCCepti toly Ia -itittide fot your kind aerospace ojledici tie We illus have physical
tinvitahtiont to tifin this svntpositttt. It is good to stiIntLttRdS--atn liCctt:e We haive suIch tndrs
.we Yoit agaZiol Nix qJLIt lthittiouts to tipeti this we arc occasiunttlliv accused o. tiding our
syltopusitito do 00ot inl toyý opItItIn0. derive tutu11 ignran-Mce lihilltd thle rules and IRceatiott-.
my clinical ctedentitals tnot lrot ttty 25 years of l-xactly thle opposite is tine. The physical
expericttcc inl Cliniocal aterospace mediciite. My stiandalrds are ti openl dCclatat~ititi O1 our
singlarLk qoll ili'icatlioti to iddieSS nou is hultii jIti colieCtive igituraitee. which ruireIl-s uIS ito malke
toly blateI(d LitittcStidsindm" 01i 1oss' vcI V igno1ittit I tilie S;iHte oleCisioti Inl the siteW Wat,. everyV tii t.
atoo of [Ite trute knowvledge [ase upon svhiclh HO eloss' c Will sWe cvcn~tuzIjlV leant tile anlswcrs. it
actuijoedical dcisionls must lhe based . Our We ha.ve II no ICllI stittic approaIch which1 We Cait1
tinderstandittg ofti ithle tro ,11 naueo0 sl'ZSImptlloat ~it- CkomitittoZly[ atudit? We C01it1ot deterCl ourI tlIieeixTittt
diseases aind disorders is so very rodiutcntary attd lEven whleti a solid a",ctulZI basis for a dec' ott is,
Stimplitstic wheltt Comtpared ito thle way thitigs albsnCt, We OFtett fitid ourse`%lves inl Ut sit - .1
reaýlly arce. I could no0t htave given this keynote described by titmnuaici Katnt 11724-'804'): '"t is
AttNrSs 10I yeitr itgo. nor even fisvc yeats ago. I otnneces-sary ito tok': at tccvisiot b',se't upon~
tatl tiow%% at least atttetmpt thisl. task sit cýc I LI it'sc ittoltitatittt -whitie is sofficictit Fir aetitin. bitt nott
thalt I tiss'V unVdelstatild tile subject1. because I itl]t stIt16 l fiiet)t satisfy tIlte ititeitect'. It sCeItoS Equite
aIcLtely :tsvttre ot1 ttt ignotatfICe. Please Athis tot' approptiiate ito begat It discutssiotn of ch litit
toi quote J011ti RUskiti (i t81- 1t00)t: "To knttw decisiott titakintg itt actttspace nitedicuitm waith
anythtinig svctl itivotses it jirotoulid senst tIfl reference ttt Kttmt. Katnt Iteld ithat mtie etontetnt of
igtntmatie k tIO\ owl!C culge IC tiit tes I r a ptr ori l ii-ti senlsC t01

pier tiomt, aid t lie formi of ktmtwiedge is
Pet maps tine ticeds it 41)-year catrcer ilt itenispa1,ct icertmic cti lix' byt tloot cattegories of- tile tuintt. Ilt
Ittet~iIcine Witht tilte first 20) yei-it Cu~lIIittina pitt1 ti ;I citic:tl aerospace mtmeticitie. we are oftctt d1c~itigl"
sentse ofvltttat is, nott known. gzraduatlly abstirtitig str ictiY fromi aI j)iiereepttl stantulilct. Ill tlittity
tilte imtpact (ifni jew nteicatl teetimiuligy. strivings to s.imys. olOurtttlook is still Kattittt. bit ite most
Cotpe svitlt thle demtantds of new iterospitee wt'apott tlesitatbie gotal for aerospiý.c medicine is ttt evolve
sNstetmts. leamtnttg thatt thtete is not ltititmitite kit tionn- thie mittire antalyticatl l ines ot bug '' ( tilet
110t01:l ItistItty ittd ep~idetttiolutgieal stdittis Ill systetmatic ttaltetiatlmliea Pipliosotphytv Pofiscatl.
Zttr"etet' ittiti Zlso learinilg tlhtt tiCiet is ttt] Whlti we too~t oftetli tct o~det tiebutlouts
til teroti i e to phy'sioliogic exeit-itetits utpoim eiretttostait--es. We ittu~st tiever pretenid tott
which atll tItedicitte. ittcluiding itctospitcc to sdoti whicti does not exist. Aircrewe phy-sicatl
tmedic inte, is based. One Coutd CIIi heICi sed tile st natltrtls mttus be se wed as atsystctt wtidi Itwe
tottowimtg, 21) VC:trs appilying thtese cuticepts to cot~itittall'' at'dit for. outteomie. tmodify svith nets
ilt C rest sUtIttiittttu rcSCtcit '. pltysiolotgit' daint, atnd dc] tie tics'; sul~ists its test

diagnlostit ttitls evtolve-.
This is tile ftrst AGAR 1) pae whiichi I tiave
g~iven Wh~icit ditd Wot retlUireQ data. I tic tlot choose We ilel-cargecly Ittued svith threec iituattiont Inl
to tell Y'out tile etirtenlt statet of waiver poilicy furaoitet itcinca aiosliitt' tmedicine. C'I ;ible No. II
110ist o ahooitta~IIlitieS. I LI' wkish ito share tunIic
l~iiliiSof~lilyV stith xU:.

Pr."l'rri' 'icf ai Sit m 
t

Vnu,,ou "a Tih- C"ma ltiucut fms for ,,o'nsii a? e 1hisi~n Atnlki5 - toil 1994.



1 a'le No. I ('IINICAL. DEC IS IONS IN commonly encountered in ecrosp~ice medicine--
A.LiR..DACE1 MEDI.CIN L an ar crew nIenliber. with abniormal temsts o lien

requ iring additional e xtensivye tcstinrg to clui idate
. * The aviator withi overt clinical * vmprntrts thle screening (emts Casec #I is thie collmniost

2. The aviator w th di cumien ted clinical ease of everyday conttemiporary tmedical
asyrmiplorrratic diisense pract ice. Case~s #2 and 1*3 are largely eon fired to

3.lThe asynptonrlam ic aiviator with abnormal occupatijonal and aerospace medicine.
tests ontly

Most 0l LIS have learned cl inical decisiomn rimaking
[he dispositioni of' overt, svillpmommratic disease is iii the sick patiernt environment. 131.t, Clinical

nOt CSp)-CiatIV ditul~i.LI nor is it ilW riost C01111r10rn decision tmakinrg ill aerospace mredicine is moure
rif the dccisiorm types hfire'o- its. The aviator witl) Irnl superficially d1ifferent from11 traditiiOnal
diocumrented, but asymupioriratic disease. rerlnires at clinical decision nmakinug. Ifwe aire to improve
decision based 1.pon0 (fhe nalrtual hiStory of, the clinical dlecision making in aerospac:e medicine,
sulihreI ical disorder arnd 1,po01 (l ic pe rlaps it would be help futl tro cont itrs eopc
patitophysiologic effcets of thme disorder illiic the trical decision mraking With usutal clInical
aerrispave cmivi rot t ticir . Ii s1tirical ly. we have pract iee, paying sp-ecial attention to tho se treas of,
roade conscervrtive, safe, aild expensive aeesirrs irospace tredicinec decision rmakinig which canl
trapped inl our1 igtnOiaitce n the11 subcliflical bc enhanced. (Table No. 2)
di1sorder. TIre HU)" 'I henrti1 eisC IS t0te oneC t10"t

lTable Nii. 2 (T)MI'PARISON OP C IINICAl. ANt) AI;RCSI'A(' MEDICINE
DEhCISION MAKINC,

Aeitn~aee r' ltieit (ulmicali Mdckitn e
C linrical State I suittif ni Nylliptirtius U suatlly symitporratic
Narturatl I listunry Data Sparse I Isturllyauvailable
Prevaleceic of Suspectled Lo~w Morderaitely tight or high
D isorder
Plrcrleive vaiii: ifl lDittgnro~iut Lows Ior postivec te"St. I uigh Fit positivetets
jestsý I Isally Irigh 1kl wtrgitive Moderately htij~1dr fi

t("ts. tcgatlive rests.
Disetrscs Sulsets IW)hiled I sually ye Y few Marry sulisets. exteirsive

tinrrrcrrelaturle
Ourtcorme t )aa Spar Se I Isiturlly aundainlttt
I )eCisorr (Goals Purse stile1 1i fl., dI~ahll Diagnose arid :rcrt

pitt icrits;
IDecisiorr End Poiirt Fly or. nor Iv [ýTreat oir not treat
Requirerient to nitrke at Alwarys. usually withstiic ()ebservatitint. delenecd decisions"
Decirsionr 11rgenicy C0rr1rttr0rr
lirirhirt rif the: I )cisir I'otcmilial ly prurloumd U stually tno penalty Ikir

ermpiricismiti tial and er ror
Silltivcliluttcc arnd Retesmirig FreiLILerti anti eXtetrSiV Dictarted by cliniicuil consittseltionui

iullti tlitininnral
P'hy>sioloir caeul liursi of Multiprle infri marrrtiont void,, VI'el estfrbhished

l'lturrrmtcol'gicuil Dauta ~ Ofteri little datal t til te VoILltrt oos data. t1unrl1i11C trir-lb
aviatiotn cirvirroniririet

Numbi rrr c of I)rc siot Mike is Matty t tire rr few
Feolonoirtc. ifle ('ir-CLitStainves Purcictially of grert rtragrritttdc Often great, hrrt of~ten mirinital tkrr-
lrttjraCt ran tle Puiciiet sirc irdiiscase rrr rriit oaviatorr
lDcs ires arid X slIrs rl i tre Of teni c ~annot bie rorisidered Wide riange rif pluminns open tor thle
Pautienti puticirt



immitediate zin1( suibstuntial imipaet. Surlveillanice
The Clinical sltae is. dile flit anic mlost uibs'ioiis and reteslitigl inl ClitliCal teiiCdtillt t1ic dictate~d by
diffeen-lce. (Clinical linedicetne is usualkI practiced thle Clinical constellatitonl Surveillainceanttd
uipont a large natura'11 lhistory datai base, but such relestiog of both hecalthly aitrtcrw tt1IIi)Ctbis and
dat a bases inl aerospace toedictine Ior- those Wilit Wat vered disotrder s is IialicLt! en
asymltpt tita c disorders are q tale sparse - Because cletisive. and ex pensive Th1li pltysi ologic Il
We are- deailinig Wilit al healtity 11populaion ill basis of clinlicall decisions is usually well
aerospace liledietite. tile prevalence of- suspet ted MIIidestood. Whiti IcnUllipli. itll ii iiation voids inl
lisorders is lott .Which la iti a olruliind ediedc the areal ofl physiology toutkl 14t toexist ill tile

upon the predictive Viltie 0i'idiactiotiCIe SI tei tinlet aerospace enivir-oillm eil snecially inl til area of,
iSv iii Ioltltitit lIMi)iiltiOti. Inl thle litet-ew hiighl pefr'l iititie fliti''l Ill Clitnicalitoed leine. at

ppulatlionii. pied~ictive values an- usually tqlile w%'ide satiety of* p-iiariitaciigicall teilleraiCS aie

1for Positive tests,. PositiVC c paditiV lVe 10 MVlte are iluljIiil clin~ical it MIS. 1i) aetia I)c ine iciic.
lislilly qu~ite high ill i1stnpoi he11101111 Po1iZtliittti. thle a1vailableC ciIlCat of dtu1.gS is qItlite :OistrIiCICil.
Where t[lie suspected disecit is tistially tuinie aMildk drM ~ 11:tCc hei)I rignoul-Ay tested Alr I lie
ltres'ttlvnt. Negative p)Cit dt VillL ' tlCs ateusullylf aviation eiivijninitint. Ili tile sick palttiet
moitdertitely hijgh bhut nt liit', tutl as inl I s'tl I eiIVitottt1iiet elinital deiii t ICM1s -tiletidt(I b1 (titi
pilcl pop~utlattont. .'l Cits .s it ditigittislit Iillsieittti. ot a vetys'mfe pliysiciattis. Ill tetusltpcc
cittegoitA il c~linicttl tiidttiCHI IMS is n11iulliC sitli)SCIs 1Miteticii. at kIt1 ItirlgC[t 11Iiil tibt tl cllticiitisl.
and extelsive itie 111ItICIIIC litI litt ditignosUIic adtiutnisttitirs. and review aultiorities ate
stIliScis ill iietslSImce mietdicine aire tistaial ]out inivotived inl tile decision tinakitig process ['ile mlV
well dsci Cibeti. Mail)' diagnolic"lk subsets i Ilclituicill decisions tue stitti~ly 1MiiiWad 1 I litlii ltts
Clinlical M(iedicite ti-e base utuiii L111lii. NVtiIIolhitit tith [lie tilt' lldcilng phs'sicianl ill [lie Coilic Ililitti its

siilt'. e titii iilresecilltiollu and i-tie tý ifclinital u.'iVi'il11CIiil. Ill tiris itCelii. l iltC
lhrtigtCssitUl ol tlie tltidt'ivNiii-Ž (Iliseas. 111CM virtuially Ccci \'utii elticw thie level tit (Iwlei fina
tinkers are alisetit itt the itt\Vililii omitt sutbitti. wail er ttiluitrity toitl[\ maktes reVCoJ 1itIttit ui ii tin

LI Istitlly.ICC il-Ci at liulildwiil titttciiiit tifa ]i li the Ill Cliiiiu;i tuietliCiiiC. t[le ectitlitthtl ittl llti 11C ItV
tLut1t11it1l N.1i~tipltiikitii disituses. Ot11IMtItit 1iedl tiliptic (1i' tMildl dilSetise is 11CI eIttetti thititiill, i
orll ttsytipittiiiiic uiisxirtlelisl tiiicrx'w totinuei\it I'o) t'Xtittle.lI thle lCIretittiten iif Mtilud it' ituutMit'Lr
itbe sre.The with inl Cliiicall irted~iettie ;S tol Ilivueitcisiiii eit tjisutl i LN ldit' beaccoti)ipislted with

dittgtitse aidtitll~e. Alie gotal ill Cinicitilt atrisliate itill~iilla iiii1LItt tuil tile tIivpicl tlititl li~ii cIii'.
intueicitie is ito pirtste ;iv irtre'.11c iiieiib stilie it) tesjpeciallly gis'enttilie wide vaitiles tif
ily. tittell retll-itirgIL its, it) spcildl t'x(lisivc aiiiilitliyetlsimv s 1cthrapies acttli able. Faltlii o:
tcsttllices lit deltiblel aircie1w ineitiliers whosew ltypeticmiisii ill [lie airetew to <sit)i to
uliantitislit testitig isi :als~isclti Withi a utiscas limiiiied tt111ititle oiiiageitis uitlm alv leictiit ill a
intu-Cess. Iltl te.! ;lie ciitpoiti ill tieluslitce Inaio. ii-caeer tiplitvival. Ill tlie rate- eiictiiislatilte
HIClitnltiic IS lii fly 01'- ]ti I ly. The elIt 1ntiiii1 ill wlteisi i tisytt11oiattitl it etoittinuY tillers' iliscest isý
tliniiietl nit~iediiue I, ito ti-eu iii inoti retit. Ilt dellited ill a liolaiuttiititt lide uisutilly goues tin
Clinuictil tiietlicine. eSlit-citliv ill the patiient whito is kitti itl pitkd I Ftt hlit litlesv iiie'tiuber. mittr ilittti
Hot) atCuicl ill, wve Irqetlitil l have tilie luxurly til Iliiiiiiiitl lis. ittC i.s tMlNittItttls'ii 101 till CaeiulCg Its
umtkingt repealed tibsercttituins. and ofteini teitriing uW* lyvitig titid atily degic uf' disetuise is usulally
ditigittist ic uLc~isitiis lii 111ill lie diseas~e rtut'tS liltis disqutlalilyitrIm high ltii' i lt' ildtie Hlyinig. Ill
tills'1 decClared itself. Il aettiSi)Ate utuedicitit. We tinuical meidtitine tutir decisionts tuie tulit driveti

atfe ViN ri utIs' alissays telutited to) tiake tt decision. by tlie dtcsto itti and t'I)Cles (uliet' isiti
tisutilly With) stunt urgeitey. Il the Cliniiciat pattienti lkegtitttbly, sltIc lictoils okltet etititit lt'
Willt) is i no acutely ill, thenr isý uisuall lv it pilelll Conitsitereditll ttiiei pnittice it occutpatiionial
Ioft tIlitiIleisili, triail anid eiioi. tiid uKltgitsic ituediCitut.
ttliseCttvtisiit. Iliclal iclicime icine. sce aie rturcls'
p~klCLlt illiliii 'all tit t11i11C situituui~ i ellly 111 thle Batwdi npuii till ill these fltiegoitig Ciulsitlertitions.
Course of, thle disetise. Becuat se iii the wclidal tiecisiutt mtakinig iii tittosptce tiieticiti is
imliuiiiteaitli" of, itissioni itiditis.ý% flyinig saflty, vaistly different tonil cotlicillporit- ry act itce.
Mid itmpitct onl the taircr-ew iuctithc-rs etteer. lccrlittps it Would be Itelpiutil to rev'iew, ill at
tliiuictl deCCISiotis ill tiertispI)c uted~iCitie hive tinAilthiltiive sese,. tlile dkisparate 0 lilii)' utU etch iif'



thlese lactors ill ;ieiospl llcettdieiitc comlpared to

t alkc No.3I A-SSltININ.i ARBITI1RARY V1\l-IL I ) . 111k I
(X)MIONI;N'lSOP-Al.RS CINU~CJU\I )XilNMKN

I = S Les I' lill' luixcst utility
2 = Lixot tlaxOitidlte, noc.itlitiy

4 N'More. I ix iahle. lighler utility
5S Most[ lixolialllc. Iligliest tiilitl'

Cs'pll ieCtiC. llicrc is lit) iActolt inl tile ael ospilcc
,\ stoic ill I i-cplest'ils (lilt Icasi l'-Ioroahll reiit'iiiit dtcisini mitiktg proce~ss whicli I wouldt
ettt'Ctll'lstattt25iltlId tilt 1(1\\0CM ClittiCall Liti lh 01 stoic liiter flliti I~ ait il ily lute actor1 ill d littcal
I lit' Itictti. A Nelli ol 5 1Itil1Cit'tilt%'5 I XCI awti ahtilt iOt'lt'iic whichI I xxOiiit WtOiW l0Cl 01au -1.
lai'XIt ii igli tilHity. I 11;\t 1ltiibilx' asigltl i;illie No. 4).
Ilit ';Ltoics' laseti illoll Illy 11551 vie'ws mid

[able No.4 -1 kOM)KP ARISON OP ARBIIIR AR10 VAIJ 1:'iUS IN
\i ,ROSIIKx( U Viii)lC'INii- I)IiISI(_N MAKIN~i.

Acrotspas.'t N'edicitc jitC hit t~ill Met l I i tic.L
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ittiat'[illalite an )eCI-siul, I

I 'llyix's111gicati B xix Ill' a
I )et'isiolis

Pharmaiit~coloiciItal I )ata 15
N'tIIti)I ill I )etisioii -

I *.tlllililL. 1o Ii
IIc IlitlP ittt5li iitltill

I csiits aitld \V 1. site Ilc 1tt 5
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I hotpet'hull tis albhit-ary stille wvili plliht out tilt
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ticiospuie lc iciid i i speci a'ist opc dtes. lBy areas which ic volv ymaounod datut. arcias ill wh ichI
allmost anly Stalldaild. clin cal practice i5  we can trilly int'LInnc II tlie decisioni mak ing
COIiduetedL UOiMI iUe IIIUI 10- Inrroblust lIouiidat o JAOCeSs--1natura-il hliStory, Stlintjbat iiitOnl 01kUtVC, i
than is aerospace mled ical pIactice. SUbsCts, ph1ysiolOgiC data1, and phin111 incologiC ill

datal.
Some1 01" these d iSadIVant;Igeii LIN lpCIS 01'

aeo. p ce nedCal praictice Mre illliI iIiuta Micad Wc have mnade great strideCs ill phlysical staididardIs.
Unlikely to chaiige. (Table No. 5) bu~t We ouRst conclude that 'or tile moist part thie

data base in aerospace medictine is j oonplete,
Table No. 5 UNIAVORABILI-Iij.R 1B ,ITHS iMid is 1i(i! Yet built on1 aI systeniatie knowledge

O F. NLROPAC Mh C(INF l)IECISION base.
PvAKIj~aG NILK~lY TO CHIAN61, OR LEMS

AML NA3LETL -1 OC ANGI Sic lii ildiovasculfar specialist. ulisca
allow tilc to illove to ilmy area o)I interest ill iildeir

I . Clinical state to decionstrate tile p~rol-ii~ld impact ot
2. I 'icva Icoec ii fsuspected diisorder tchnionlogi cal advances onl airerew statidaids
3. PIC'rediVC Vi vlues I'edUCd Ill rseageli. (TIable No - 71

asYniptolitilnuitc t(liiw prevallence
popultionikls [able Nio, 7 IM P'AC T. CF N:W 'l'1-('l lNO(K iC Y.

4. F ly oi. not fly ()N A.1R OR 1W
5. R'equiiriement to make ;I decisioin S'TANDARD)S RESFiARCO 'I
0. 1Iiipact oiii the dcisiuoi
7- Nuomber nil dec ision jiakcis TW 'IoitinICI)Msiiml. c~olor [)opplci'
St. liCOm11iomtC. fle CiretinisttiltCCS inipaMCI onl eciiimctaiiograplny

ill patientl T-v 'li .-esop~liligcall ccl men-d iogm'ajhN
1). lDesircs andi xvislies o, (lie patienit Inmitaculoronay 1olmuisoumid

- liii ae) l-ontiry aimgr oscopy
I biwevm. we call hicus oli soitme aspects mit I 11itrlasta (1 Imi cor-onary 3 calcil icatiomi
acrospiice immeiciic decisioi imakinmg which cani Mult1iple pitted a1cqi~sitioii scans5
alctually lie altereCd. (Table Noi 6) celinctiummil

- Ilallikmii sciiitigi tiiliy
Tlable Ni. C, UINF2A VO)RABLE, A1l'RIB 1j'lhiS -Sestaimmibi semi adlst lass tudSielis

01 )l AROIsPAclI Ml 1d )l('hN I D ilmridumiote. Adenosimc studies
m.iLOOJNL.A K--,IN( GWI1.) --IJARU ~ Fu Kll dkine suic I lolter momlitorl n

111111. aild apolipopioteinl subtifactions
Naturkial hisltoy data - l~tillcut OUS coronary dilaltationl

2.3. i'revtnlcnce/prcdie ii e valuLes P eren lane Otis Ciiiiolnary iulie ierctniii my
- .a1WS of mi0Stati!stics Will not1 lie Iligitull subhtractionl an~i~g1iogrphy

reclicaled. but strati licat ionl to in reease Magnetic recsoitance tumaging
prete-st probab;Itility of dlisease isa it IIAClI P'ositronm ciiiiss.iol toiiiograpl)iN
needed an1d useful1 strategy Single lihotonm eiiiissioii ilialliumiml

4 i. I isesesmhm idei~itiicki tolliogi apliy
5. 0 Luteonme datal,
6. Slirmiltailce amnd retcstiiig, liese technologies" were iiiit available ill 1971,.
7. Physiological basis nil decisionis and yet we arc usinig ttieiii daily in bothl Clinical
hi. i'lmarmmI acologil.ail data aid OlUIieuiti0oiia miedicine. Any cardiovascular

iiatiial hmistory study of aISynlpiomilatic piersonis
I 1cm-c, we have distilled down thle list to a nuimlic, sltated iii thre last 25 years has been pmolouimdty
nict lcncete l~actors Which Canl actually lie chaznged il'icted by these technloligical advances. As the
or influemmced. If' we arie to improve Cliniiial anbItMy111 anid phIysiology of the carIdioVascu~lar
deccisioni mak itping i ac mIIO, MCd i iie,11C . ie e syst ciii are iWON lerearly deli icated. new sol s 'is
areas i1epresen thile grecatesI iltagets of oppo. 10mmit y. if di 5CNeit5C ad new eategmmri es of ml agitost ic
As you will note., 1MuCh LOf t 1re itded rb11nnmge is il picism have been added. As thle noimeimelattore
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oft .ndiovasculI at d iseas e x pands to inc: It itle tglorilnc'2. especially Iin atirepew standardIs. wvhere
dozens of new eardiomyopalthics. condutieloll CX )CIt oplil Olins aMid inIst' 1fc Xperts ahtbittiid.
dliseases, anld corollary diseasec variants. our
precepts about asyiiptolatiiIc caiidiovzisetilat ibis end. ('al'a I 8,9) cal led the Carioiivasen lar
disease ill aiierelW Mutst eliaOtge also. ltssentially. lDecision Grid, which was frnl11IuIlated by toy
Othis means that thle task of a) ruew standardLs forMeIIr Col leagues at thle U SAF School of-
research, I ncludinag natural histotry sitidies. IS Acerospaice Medicine, Clinical Sciences D iv'ision.
never finished. eveit for disease,. svlicli ste have is actually a tacit aidmission ol great igitoralice.
known so well, because o1 1)011 greater diiagnost Ic 1311t, the grid is alsoI lieC dcCIisonl aid whichI
potwer- and~ tile demandII(s il'St~id i ly c VOIlv i aNsKsue I lout HIOUsanlds1 tifcrd inCIVaIsC oar Icase ill
'VeapttIlis systetii<S aircrew tliemlbers cart ble audited for outttcotme

Sinice like catses rctftimir like dec~isions. Inl any
I ijiike clinical piutetice. aerospace IttedicineC actioteicklivl Ceinter where large ntiumbers of cases
practice is eoitstraiiied bly physical sttandaids.- We Mie Seen,. and cspecially inl titilitary Centcis Wleiec
most~ View ttile standards aLs the governlor. wI ich tic prrofssion~al staff ehatigeSF rego Iany, very
feqtliies us ti) miakc tlic same decision ilie same dliffe~rent dc~isionIs May result from11 idenicial (lit 1
waly cacti timeI Utitil We haIve IC1'learn doad acquIired WaisCr leCit~ioiis i)CCOIitie suhjective Wlteti history
elotigli ifithiruaiiti to itake tlile tiecision is not1 recorded, aiid there is tll isiti) 11Sitin0al
differentlyl~. Physical stalittrds Shoul d tnlt itetior)'. D ecision r-tiles require us to doi our;
necessariily be revered for t lieul inherentl wisdoiii. collective tliitkit~i well inl advanIcV lorC0tinjittittly
Sin1ce wisdoml nutty not1 lie ill dbtii~dattee. lilt(, tilte evalated piibletttS. Such dC~i isioi t'tiles, Imade
physical stattdardis arc tlie itidisptisl~ileC decisionl ealuitly Wtidl d~ispsiot~i~atelv, with out1 hest
roles wvhichi itake air staitdlaruls research possible. (I indrsta itditfig at thtat l ittl.it e in lialy li illY tore
D ata which are not gathlered inl a sysietliatik: lair. nope unlihriii, attts itore intlitigent thtan
fashion caiinot lie autdited. fDc'isioti tiles% whticht decisionts utad On at ''otw ecihI baisis. f1lie wo'rm~
dotit lot exis.t catnnott hle chaniged. Sinice tilic rIight potssible tittie to make newk, politCy is ssC linIn'
tlCCIisoti" is iihetta COSotlic titknotwtn. it is f~ar (eCOAIsitt are d~iiveti by a CUttt lct Case. witht all o
inote ipiitpirti it) timake thie tcecision the %mile tle attetlidatit pressutres, etiottiilal dotrcss. aidl
way each lt tle thlatt it is toimttake thie "right'' IMlutit ilnstiCts Which suriotttid dCirsi0uts
dcLAisonl. Iliose whit wIe iti C011i0nirti ifrgarding" a ItOlessiut1al as tatol(I CM Icr. We itIe.
atcroittediCaf waivers inl t1t0 apprlicationI of phsical titter all, oily' ituntat. lDecisiotn tttles titu' lie
statidards ate ill criticall p)ositiOtis, svlted 1icr ilte aritrary, bitt we should tiever ajuolttgii It)Ir bciitg
teal ie it or. titt, because aitetcew sititvidartls arlt-itraty xvheit we aire kfollowinig a systcel toii
resear'ch is 'iteivily delletideit1 tIO iplite cliicah titlCIlire knotwledge. We shotuld, however. tittke
dlecisiont makers. If the decision ititkers eret,_ ite t apologies if ittir ulegree of ig~lltritnee is tncehanigetd
ittatriX, Ilk) atiditableC trail, aMid no0 dCcisioIti rles Itt years l10t11flow, bCCautiSC tisI would titti;l that
which Canl lie pitispectively tested. thten the wve would noit have served[ i lie aviatotr its will ats
CVOiittOtt ol aerotiedical statidards hetitioes we mtighit have. A similm iii ccisiot grid csYists fttr
,Ilttiply a1 prtOC1ices ofvisceal op~itibiti. SUChI ieutioltigical anid psyeltititici cases, at I SAUSAM.
iipittious are usually itteonstantly applied, frotm Areas, which are Ilietvily depiIdtI titutl i 1.1()t111itItpl
whtichi we calt leatrn very little. There arc actually diagitist ic testing are very atietitble ito lie use if'

areas otr aetospace itedicine Awlerciti ihie world's a griul. I eryoute Wvliti uses a grid :,ltould Ite
great mninds ;ti(h thie lot so) great are ctiotpletely alware thlit sonlic caise,, Stitiply dii itot l'it die
equaitl. It tequltes greiat protessioital antd licistital d'cisittit pales,. Il aity deC~isioi i-tile Systcttt. here
mnatturity, ;its thte decision maker. to ciiiiormi to is still plentty of latittide for itinovtative thitkikng.
decisiont rules,. Phtysicianis do inot hecittie We iced decisioni rules, butt ftii systeti colt
phlysicians to do other t[tanl ti miake illlitivhidtit I oresee every circumitstancee itl every aviattor. Karl
decisittns and accept personal respionsihlility. ( )ti Jung itade ali elegatil stateitiett abhout [lie
die tither Ittitd. aiwittex statidards rescaichi is [test utlli(iioeteSS of aeah inldividutil. The evolutiti0I i1f

suited lir~l tlln physician whot calt pitstpoiie eVety Cldcisotirle systetitll Shoitld cst1iblisl its tife
gratificatitn. since titans' loiig-terni iaircrew tultimiate gotal [ilie dc~isionI best Suited[ fur the
studies will k clle~ to fruition dturintg sontevotte intdividual: "'The shoe th~at futs tite personi p~ittlteIs
else's protes"itoial iffe tittie. It te~quites greitt aittither. Thtere is itt0 reC~ipe for' li'iiig l~thatlsits till
matiturity lor. phtysicianis to oipeinly aldtiii cases. Iac oitf, Its etlirics his own fir lo triti which



cannilot IV SUipI-Seded hy any WtIWI.'' (Karl hinilg)
Withtout a deC~iSiOn I ld apl)iol'0Ch to tieomtIn edi Il
standards. IS lalge gc11iVIe p 01)on01 ruleIS Will pIacc
the individual at far greatter disid vantagc titan it
veryV ma";ture decision grid which contains as Inanty
al ILC nat yes aS p)OSsi lI. 1I) he irlerW.; Will not1
hiie cl'it from .,Jvancitng physical staiidardsx il'wc
pretend to a w isdoii whi ch does [liot c.Xist ill place
ol at sys iciii to atcquire w isdloi i.
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As we looik Fill waiys toi iiipriivc ;itmropai that expertuettiial iiiitlls call 1C crcated to

:itctlicitie tlceitoil making. wee tisll foeus adreslie reclevant eluticuil quest iolls.
nilysleal Staindardsis reseirli-c onl die inc v tli F
ittoliiiihtiiii voidls ill it' ispaci ittetlicinec which I able. No. I I MANY l)If-VII LT (1LINICAL
luOis dlireCtly aifeCi Cloinial deCCIisOn making. USSi '1uýS ARK: A l)IRI;Cl RhiSlt IT0:l POl OR(X
(bible No. Il0) Sl1lFiTION

lahle No. 10 *1'lL1 INFORMAIION V(OIDS) Con1genital diseasesC
P lersoiiallvtitytiit-dlts

-Natural history sitiulies - Risk aictors
-mergingp Of n)~idical Cj~idiileiiiiiigie:1 il dat intld Pooi i1olttvii ion

Ilight( saleiv/liaiiiiig cali lsy'chltoiioor skills
- l'1Y'Siilht~itaii (Iilat oil sjhiilwliUiiil jiiiiist I

All ;iIL:Icrv VIFI. MOSTIA(.NI(AI. AlIliNlI N IS
12(1( Sl .1) ON AIRCRIiW RI.liI*ION1'N.

Thu1 gie:ittst ii01ilt'uitoilvi sd's aie i mnlmiii
Itisitloy studA. ies All uatyliilniuiitiiic tlsi iis. : thelie grticiiimjOiiitv 0I Iliii i-Cteicli III elhiilal
iiicriaing cI tiudculil ep~idllci0ilOgit'i il ilat kk 111i :ietospuice iteitie [W[) teen I NiiiOil t110
Ilight salt-tv aiid training data. oll- iltvsiolcgie reteiltioli it1 t'Xlieliectil pilots. VerY Few
dta cii stliscljijicall fIOttieess ilinl MCr21. le0tius miiciteiii sItldics exist. fori atty hotly s~stetit. ill liec
tiltI f)is Z lIitiull(ien1 on)Ie III hiysiiol!cgial dlata ;iia iii pilot seleetioti. We haveetriic

m i thau mi vid. llirtithiiiiti lie NA k ) air seletioii blatteries. hint tV%% ofi ilueti hate hient-
ti'i is. oti iln'siulouJiis have oiadle ink-crdible. testedII iti Iiiit~iithidiial I-siui N'N1 1;1 tt thul Iit-titl
sti ides il11Ciili.area ii ateduraitioii tild highy elittikcal issIes ill the traine'd aviator areL at direet
Ililttdi. pa oiteijoit. as wrill as, I lieritil aitl resu1 Alt pi oir seheettuiu. We ittis Ilocus gietilerl

Wicliiii ii tiueeii. lit the10 tor110iV "CHI cardovacula attILiitiiii on'1Cl seleeiCti resent-hi. tiiottltiictg

usciihlkiiig is\'ipiilil'tt icati illlmix'hiiiis, tolld miit~iittts ut itnterest.
sils l iki distasc. andi as vititlOUt~iiuki tonititirv
.itttic Llis,:;, i 101e Iiti VIiIi ejtitetiiiuilcga :it1d ' lahule Nii. 12 (itutltits Itt0 sit eit lit 111IAietiCes
timututti linstiirY stanidplitii iliiiie. WA:' are sticalily litMCIseI sehtt ijitm i tetitiiiii0 irseticli.
illo-ilg (hati mINv1% uil thee i~s kinletsI ;it
ehIIIttlilt'telv tiiili~pitillik with Ilk'ii1 Ini teri'is it Rcteltutot rtsrielfhi lls lapls'CI Joilutuittate itI
iiatiiiih laistuity Oiltetitie. hilt Whatl h11ioti 111 it'latdseal. tndutlve st'leetuui u125citch is lie
cleltets cit I is; t'v e1 I as siitllep~st. tital~eiý ,. least :11t1die at 110itiir

Cicliemptitsl AitOic ilysi ilu titla dtelldculit, tite st'eetiuii esute tll er tm greatest~I(-'UL11111' teiii ldlIi t1111

it Mill Nil I lOIIC 511 KHIt INI~ IIVS._RIKIlhlt ýIN all iAcl epaisOlIoic

SIbl No 12 1 tN I' NV. FIk II) RI:hl:NlIONl

sRi .; I ti iN I>l tiepetsi Ver e)il

C oi s viig ititttti'c.liscte Ilicisise seaulyryset
Iilcl tlerits ii a m ~ttuita1 owisetici tsiie Rtiistsidk low hl uesMLiiureli ti

Cost Laviilp illilic~hii dmlln
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Faille NCo. 13. JfIL IES Ii) 01'~L, AF.ROSACFMIU,)l(IN CI I-.INIUIAN IN
S LJLAC, I' ).N-A N L)R IEA1CN

( .i 01CCCI)C Jili't1i1iidiit~il IC~ICIICiICS siald CiiiltiiiiiIS nil li-iiicCs
2. A val1 !wted ctroitnlii ii dis,ýIS diiiSCOV1' y S)'S(t'III NIiSCi Upon

"smlvllled testinig

31. +(;/. C~l~i! Oili S1i1Wldiiiii'ii t~litliilVii.ickl o disorders

Il;iwt uopll CCV1152 ilyo~lliolis. I htieIL'vC tIlll Il' [Ilml A(iARI)ca moiii ICC VC l l f'iil te Sl)iiiC,0iii~lg 01
greatest needs oF, tile i~ciospace modcliiie eliit-iie l suipel 1 syiliptvsia. Cmove l)cvodtiitleli pritluclicia oF
ill (lie roiIiplialiriiioiI ricagi~l hielciea[lit'aeilh airci ofi erudite liosiitiii paipers, anda miove beyoind tile

seeei-tinl iollicuiliiCs l(11 i111 liidy SysleICCs, I Slilirilig 01' res1ell~ciptites IS i j1OS I ps i"leti
silnih lied C0iltii1lii dii sese diseovery systeiii inl A( iARI )tI becomie it iliiving FI, ive inl lie ereiaioii
twinled aiiieiew. anld [ile cuedL~ CI, +( clm lo' CCCC lltti oC llitl by spiiiisaiiig si'letted iiiili11,iini oi:il

Oil :A~C!lli~L sidt 'ICIIIil ISldT Tl sei'iccil SI~lan d i eSca prjets irttjIilIilaiillior fniaid

sjpoiisor 01 posit ion lpapls? I'i[lie A MIhad CCil

a ildiovacklkii plubitllCcoiis CI[illilC lietss'eiil fl0)• [!~i~i) iulld CtlLICiltiiiiiii iiig[illi/Ii~l[i. 110) tilk WiC~lli
an 5;,idl iII cleiiliiuii eases. hill pisychiatric. tcolitCilliv)Iii.iigiiig hlis ougaiiiaill it'ii to wVidlen its

t)~lltli~hlll0I 11iei. aidne1CIOlgitiII C;INe', ttitltl liriiuiis. Hlln. e'xeellenice 1115 its IVwilids. aiid inl
Coisily lie giveni liighll pititiiy. soliiit Way" its buldeils.

The'c m~Cisstion Clii(AR iiil'SiCai .i;indieC. lhavCe all i'lliCi' MIi liii hli/ii~Clti nO iP- Iltixtsiiji i CX~ i~llrIe

No. 14) iiiiliy tile]] huld WCuitll ithl \il it lliisan viiitlV sIIS.
Aniit nowA tle A\MP lhis iiany illou CCIIlicis mLi, g

l'eIINICJCS iiIL I'01liitlltiCli [IiiC~elSld'I tCi00l10' MCIC11 oCil it SICChtulers. No tajis mitC~pstin iia'lhi
ill A( ;ARl) will [IivC I SC Iisc(t nCeW CC(CjlCimiiChýe A(GARI ) tl~liffi(S Cs1111 blillCC WCt15 11111NI
No NAT( ) miiieiie ins [ilie rcstutices In lietivelv itctlginici/Cto thle AMP is illit mw Liiici poiitsi ioi

pitlstciC iii' s 1)12)1 itiiciCCSIniCC im'lediciie lesCIcalih. sjiiiisoiit-lue Iliiihiiiioiuiial list dlii-i ploiai Is with
Andlt. nio ]Iiiii' CtI- eArrui ly5 inIs112 th e liiiiiiiioil~Iiit 10 1d ICC ICCLII ll C k 11hi 1IC itiiiii l(e iit lt lIlY st IVOtLt!

lillsweclii atl [lit ic rlevnt(IiiiilielsiCCi. IN it possiblei

loabe Nil. 1.1 Tl 11; MISSION ()I- A( BAkD

Aeccildzig Itl its Chlimil'. [lit' iii~sioi ill A(;ARI) iS [to Ii iiig [igulIici Clii'
IL-ildillg l)CEiMiIlilliti15CCI Ch'it' NAT! natiiows iii tile. hldl oIi seidivce n'id
Iecelinlogy ielatilng toi ilCropcCCjl tlol lit ~hC~lic ll ilitiprlioses:

-RecCii ei~i~ilill1! illicuitc mi' N WS or [lit' 11Ii'CC li'ioii"Ctiiii [iCC tIChellISir iI iiitlc l andtdve.loipmInti[
Caipaibilities 1) ['ll ile cCliiCiii~ bmiCCCit iCI CIlII NAICO eciICuniiiiy;

I'-O ltuidiiig seiltuifiit.' ;iiid leiCIlicill aditcc andl hssistmicnt' t lie Miliitary Ciomiililte Cul (lie cliil
of hi'ltClhoilt't CCSCICtihil OCII develtopimentt k~ith [iCticlm ci~ it to it%, [a [ otil Nm VilpplioitCCaio I;
(CoiatiCliutitily stilitiiilltiig otIvaliiiits iCC tlie aerospce~~u 5ciuiiCC5 IelvatVC[ [IC srlueC.giIc~iiiig [lie

lImiproviiig til' icopc -CC7iltiCoi CillitiCl! 11ciCCllei liltioitCC i iCCCIsIpicc iecsiili aitd tles'e~iluticiil;
Exchlollge of' scicuiti c a11id ieclilijeal iillklilCniolCC;

-I'l(Csidilvg lis.'iislinCiCL t) initCCIi' CaiollCiC CCC (lie ICpoCICCCI CII IiniciilSlii their sceiciileifiitan

-Reiiierinig seieliiii CCiiild [iticiiica assistaceiCi hIS rqICtjtledtit otohiler NATO I mules CCCLI In)
member niaituios Ii ll ConnetCioni witli irs'.'ail-C and developtilcaill IpiCCCICls C il Ile iiL'sIIc5IC Field.



Ki11

Tahle No. 15 T1I l ~iiA( AIt )PIi NT

- akc alIvanoagi: ol tile dclominloitao ollcicd by til NATO ailcrcw-
p~opulaltionIl
I IslCI- ClopCriaive lon Ileit InIl IC XCdI( h Ili ail clCCXY staiid~iiids

-I ico rage and pionioleI hasis sciece1Cs research whiiic h add csses
inflormatit on VoidX ill chiiclk- IICIrljalcc ncllledLI

PI)RjCCL\,. It LIOCS Ilot iO1;ll[Cl it it takesC a I)I ijod 01 A( 1ARDI has ant cpp)oilunl~y 0o capitalizi: onl a
kcaiing to htave Xuc It pro11 ts 111C. IoIC icw aids dI ItiLIg C1101 nail n. prIoduLcinlg da1a41 Ofl* ilat
po1C~ll~ialI)' eCnn1no'0O. Whly %hould XYc make lai IIUCICSt oiltside aC10onicdi~ll CiIeCS. Ihe
kICijSiiiis, UIOlItl 1C id ill 1 lIV. fol e iIIpAC, il (ialisilioiial v:l11lC of Suchl d~ata t il c 1k Civilian
c"1111110111 Icri~lllIdRicil II illeili. based uponl a comlilIllilY is a heiicI1i vwhichl will lnot go
sci ies ol jatiemlt 11)111 tilveliity "A" o I losplldl 111110oCLIcc bV bustW WhoII WC Seikiir ig IClelcae
AV , totally' un1likC Mn MIVIC itsv I)IIIIfliIO1t WVhy oii Illilitiaiy l5I'cwiieill onl deX'clopinciii Iio tIle
sýhould Owt avliol 01 L~oIlnuIilUOI no(1 bc Icadiitg tIime lil"liall SeCtL-1. (~l )ar i aSic ejtnisl,,. shlould he
" N AI0C) I le l jlIN I 'studky,--a, collabonlltiv eliallciiged to dcal will)1 cnces or1C11 c1tlin~icians
slit i i I o C 5 W 1% at t o r s ss I t sI I (;IIIda Id i .vi I fo I Io ivIll abolm low gilade jsae
inl all \G;ARD sponmwuuid stIjl I? NATO) has the
lakilt ill an tile t I lic i lL llnolillallll tol do it. 11wi hiIC ~~ No. 1 i% asil ipleJA Nselllot Im NA*I) 0iitig
IVAICS ;II C too iIlIItoll liltlot IW it)lo it. 'Il heI t111r.
AC ARi oppoitlumilv i IS Otllilleul IllI ;IihiC No. tI

1l)'lllL No. I
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AEROMEDICAL RISK MANAGEMENT FOR AIRCREW

Group Captain T M Gibson RAF &
Lieutenant Colonel P M Giovanetti USAF MC

HQ Air Force Medical Operations Agency
170 Luke Avenue, Suite 400

Bolling AFB, DC 20332-5113, USA

_UNMARY make a difference; for example the
formation of the Special Royal Flying

Medical waivers for aircrew are Corps Medical Board in 1916 signifi-
exceptions to aeromedical standards cantly improved the proportion of
which have orerational justification, candidates who were successful in
The goal of the waiver process is to flying training (1). Thus aviation
preserve flying experience to the medicine has been in the business of
fullest extent while preserving flight risk assessment and risk reduction
safety, individual health and mission from the very beginning.
completion. Unfortunately, the flight
surgeon has historically been forced More recently, the resulte of long
to be conservative in deciding who was term studies of aviators, and
or was not fit to fly because of a collaborative efforts in aeromedical
paucity of relevant scientific data. research within the international
Moreover, the waiver process has not community, have given us the evidence
always been applied logically or to advance from our original con.-
consistently. The US Air Force has servative, intuitive approach.
recently applied the philosophy of Aerospace medicine risk management can
aeromedical risk management to produce now be applied to make more informed
a waiver guide for flight surgeons. recommendations whilst preserving the
The guide lists the aeromedical primary goal of flight safety.
concerns for selected chronic con-
ditions met by the flight surgeon. This paper examines, in general terms,
Advice is given on the workup requiced the philosophy behind aeromedical
for each waiver request and a decision making and how that
discussion section examines the philosophy has been applied in the US
rationale for the aeromedical dis- Air Force.
position. For each condition, an
indication is given of the US Air 2 MEDICAL STANDARDS
Force waiver experience over the last
few years. Thin paper examines the Aeroe'edical standards are promulgated
basic philosophy and describes the use in order to identify individuals at
of the waiver guide. potentially increased risk of

incapacitation or performance
I INTRODUCTIONT decrement. Before an aviator witn a

medically disqualifying condition can
During this century, we have be returned to flying duties, he/she
progressed !Lue Kitty Hawk to the must be granted a waiver. Waivers are
moon, from overcoming 1G to prolonged exceptions to medical standards which
exposure to zero G or very high G, have operational justification.
from bicycle goggles to night vision Waiver policy seeks to balance risks
goggles. As man found himself at to individual health, flying safety
higher altitudes, at greater speeds and mission completion against
and in more challenging cockpits, the conservation of resources, flying
flight surgeon was required to make experience, training costa and
decisions about the aviator's fitness leadership development. This balance
to fly with limited experience or will shift over time depending on
scientific data on which to base these social, political and economic
decisinois. One step forward was the influences.
realization that flight surgeons could

1J,' ateind at a ispom iilan '/ic, ('Is,,ill i pn s j r-'a A s'd, ,,f svw Allinr' . Apt ii 1994.
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To be considered for waiver, a medical that both are not vulnerable to the

condition must meet the following same precipitating stress and that
criteria: incapacitation of one pilot does not

prevent the second pilot from
a. There must be minimal risk of recovering the aircraft. The US Air

sudden incapacitation. Force is unwilling to endorse formally
such a "shared risk" approach in its

b. There must be minimal poten- waiver policy primarily because pilot
tial for subtle performance decrement, and copilot are not c:•nsidered to be
particularly with regard to the higher equivalent positions. Moreover, the
senses. risks are higher in operational,

single-seat, military flying.
c. The condition must have Although the US Air Force has set no

resolved or be stable and be expected specific goal, McCormick & Lyons (6)
to remain so under the stresses of the calculated a rate of incapacitation of

aviation environment. 0.19 per million aircrew flying hours
for the period 1978-1987.

d. If there is a risk of
progression or recurrence, the 3 WAIVERS
symptoms must be easily detectable and
must not pose a risk to the safety of Waiver decisions are thus based on an
the individual or others. awareness of these principles, prior

experience based on waiver precedents,
e. The condition must not available scientific research and,

require exotic tests, regular invaaive ultimately, expert aeromedical
procedures or freluent absences to judgement. Waiver decisions are
monitor for stability or progression, individually rendered.

f. The condition must be com- Types of Waiver. The following
patible with performance of sustained different waivers are possible at
flying operations in austere envi- present in the US Air Force. Flying
ronments worldwide. Class I waivers qualify an individual

for flying training, Flying Class 1I
The use of the word "minimal" recog- for unrestricted pilot, navigator or
nizes that zero risk is impractical flight surgeon duties and Flying Class
and would, incidentally, exclude most III for all other aircrew positions.
of the aircrew who presently have In addition there are restricted
waivers and who have performed Flying Class II, or "categorical"
effectively over thousands of flying waivers. Flying Class IIA restricts
hours. civilian aviation authorities an airman to tanker, transport or
have set a goal of less than one fatal bomber aircraft to limit exposure to
acfident in multicrew aircraft for +G, stress. Flying Class IIB
each 10 million flying hours (2). restricts an aviator from ejection
Bennett (3) proposed that the con- seat aircraft. Flying Class IIC is
tribution to this from medical used when the waiver is tailored to a
incapacitation should be 10%, that is particular circumstance, for example
medical incapacitation should cause to specify "no mobility" or "flight
fewer than one fatal accident for each only in helicopters." Flying Class
100 million flying hours. This target tIC waivers are given only with the
is achievable if tne risk to a pilot concurrence of the operations
of incapacitation is less than 1% per community since they significantly
year (4). The risk can be manipulated limit the individual's mission
by increasing the number of pilots, availability. This consideration
If the risk of one pilot being process keeps waiver decisions honest
incapacitated by a heart attack during with regard to "operational justi-
a one hour flight is 1 in J06, then fication."
the risk of two being so incapacitated
will be 1 in 1012 (5). This assumes Aeromedical decision-making in the Us
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Air Force is largely decentralized and guide was selected to allow for
occurs at many levels. Basic medical single-page replacement to facilitate
qualification standards are written at revision. A future version of the
HQ Air Force Medical Operations Agency guide, including references, is
(AFMOA) In cooperation with the nearing completion.
Aeromedical Consultation Service at
Brooks Air Force Base. These Moreover, the guide, by collecting
standards are applied by flight risk analysis data into one source,
surgeons at the base level. When invites comparison of risks between
waivers are necessary, workup and different diagnoses. For example, one
documentation are forwarded to the might consider risk of seizure a
major command (MAJCOM) headquarters or significant aeromedical :oncern. One
HQ AFMOA for waiver decision. Thus can turn to the waiver guide to find
the waiver decision involves input the following:
from general flight surgeons, clinical
specialists and aerospace medicine Melanoma - risk of symptomatic
specialists. CNS metastasis is 2-3% at one

year
4TWME WAIVER GUIDE

Blunt head injury with 24 hr LOC
Because many general practice flight is 7% at one year
surgeons are inexperienced and waiver
authorities at 11Q change every 2-3 Knowing that the risk of new onset
years, significant inconsistency has seizure in the unscreened population
existed in the quality of waiver is approximately 0.5-0.8% (8), we
requests and in waiver decisions. A would be reluctant to grant a waiver
waiver guide (AFPAM 48-132, "Medical in a case where the known risk
Waivers for Aircrew" (7]) has been significantly excoads the population
written to place the same information in general. Certainly careful
before all the elements involved in screening has substantially reduced
waivers and also to provide a much- the risk of idiopathic seizure in the
anism for handing on collective, aircrew population. In the past,
historical experience with waiver decisions about given conditions would
decision making. We expect "M-dical have been considered separately. Had
Waivers for Aircrew" to impro' three we been waivering severe head injury
aspects of aeromedical practice: at one year, but not iselanoma, we
consistency, currency and comparison, would have been inconsistent - in the
A sample page from the guide is at absence of other mitigating factors.
Annex A.

In its presentation, the waiver guide
The waiver guide combines waiver seeks to draw information from
precedent data from 2 US Air Force elevant populations. For example,
data bases, the HQ AFMOA waiver file unpraventricalar tachycardia (SVT) in
and the Central Waiver Repository at patients with heart disease has very
Brooks AFB. The former contains all different implications than SVT in a
cases reforred to AFMOA since 1985 healthy aviator and divertiuulitis in
while the latter purports to contain young patients is associated with
all waiver actions within the US Air significantly increased risk of com-
Force; experts consider this file to plication compared to older patients
be up to 25% incomplete. Pertinent (9).
information on prognosis is included
for each disease. Thus all medical The waiver guide also provides a
personnel in the process start with rational approach to decision making
the same baseline information. This with regard to waiver for use of
offers both the opportunity and the medication and history of malignancy.
challenge to all involved to submit
updated information in support of a 5 USE OF MEDICATIONS
given case or for incorporation into
the waiver guide. The format of the The requirement for long term

I
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medicaticr necessitates careful idiosyncratic reactions. If v' waiver
preparation of the waiver request and is required for an approved drug, a
the use of drug therapy in aviation ground trial is still needed to
requires strict control. Most rule out aeromedically significant
therapeutic agents have unwanted side side effects. The underlying
effects, some of which may become more condition must be waiverable, the
hazardous in the aviation environment, efficacy of the treatment should be
For example, a drug that produces demonstrated and the flight surgeon
arteriolar vasodilatation may be should ronduct appropriate monitoring.
expected to reduce tolerance to +Gz. The process of granting a waiver for a
Many over-the-counter cold medications new medication must begin with a
contain antihistamines that produce comprehensive literature search for
drowsiness. Side effects of drugs may aeromedically significant side
not be fully appreciated at the time effects. If these are found, or
of first marketing, for example the experience with the drug is limited, a
dysrhythmic effect of the non-sedating formal drug investigation should be
antihistamines. This is why US Air und, ,taken. This may be either a
Force aircrew on medications will research protocol to identify any
usually be grounded until the medical adverse effects of the medication or
condition h.,s resolved, the medication an in-depth assessment of the
is no longer required and the effects individual on the medication. If the
of the drug have dissipated; they must aircrew member can meet aviator
be cleared to return to flying duties performance norms, a waiver could be
by a flight surgeon. granted even though some subtle side

effects may exist. The US Air Force
US Air Force regulations contain 3 has adopted the latter approach to
lists of medicationse those which the granting the first waivers for
aircrsw member may use without Liainopril.-
consulting a flight surgeon, those
which the flight surgeon can prescribe 6 MALIGNANT DISEASE
without removing thi' individual from
flying duties, and those which can be Classification. classification of
routinely waivered. All other tumors into categories facilitates
medications are considered for waiver deciuion making on aeromedical
on a case by case basis. The use of outcome. The minimal requirements are
some medicaments has been hallowed by accurate diagnosis, indication of
antiquity. They would not be approved tumor size, differentiation and local
now without extensive investigation invanion, and confirmation of the
because of the documented side presence or absence of lymph node or
effects. It must be admitted that distant metastases. Further
there is little evidence that harm has classification gives some indication
been caused. However, it is still of the virulence and potential for
necessary to take a co(nservative relapse. To provide standardization
approach to new additions to the in disposition of these cases, it is
pharmaceutical armamentariuim for essential for the histology to be
aircrew. confirmed by a reference laboratory;

in the USA, this is the Armed Forces
it is less ýmportant to justify past institute of Vathology (ArIP). in a
inclusions to the approved lists than review of the last 17 cases of
to establish a consistent approach to neoplasm, AFIP diaonosis differed
the decisions about new waivers. The significantly from local opinion in 6
algorithm at Figure I illustrates the patients (3!4.).
basic questions po;ed in the waiver
guide. Sometimes it is the underlying Effects of Treatment. The impact that
condition and not the medication which a cancer has on an aviator requires
drives the requirement Lc obtain a io F only consideration of the organ of
waiver. Even if the medication is o. igin but also the clinical or
approved without waiver, the patient surgical stage and the treatments that
needs a ground trial to exclude are being or havc been used. Aircrew
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1 6
with a history of malignant disease 7 CONCLUSION
are not con~sidered for waiver Until
all treatment is complete and the Considering air aviator's fitness for
individual is judged clinically flying in the presence of disease is a
disease free. Sufficient time must complicated business. Many factors
have elapsed from the completion of combine to obfuscate the issues. For
treatment to assure that late the flight surgeon, the proceise is as
complicatIons do not develop) such as much an art as a science, with mutual
cardiac or pulmonary toxicity from trust and respect with the fliers
chemiothearapoautic agents. playing as important a part as pure

knowledge. Other more rigorous anid.
Waiver Consideration in Malignancy, quantitative proposals for waiver
Waiver cons0ideration focuseF1 ril the decisiaon making have been proposed
nature anid frequency of the required elsewhere. The Froom anid colleagues
follow--up, tire projected 5 year hrave attempted to qouantitate age aad
survival rats anid the nature anid riuka the experie-.nce factor inl relation to
of local recurrence or oi CNS or, other aviation safety iii the Israeli Air
poteniaially incapacitating imetast;asis. Force. They ocnnludod that even a
For tim vas~t majority of tumors, Tumor tenfold Increased incidence of
Board euvalua~tion arid Medical diseasea-related sudden incapacitation
Evaluation Bouard (NEB3) recorrrrrerdations would yield a lower overall mishap
are eýssaential before waiver ratea than replacing a 30 year-old
corriridUrstiori canl be givenl. These!3 fighter pilot. With a nrovice (10).
Boards supply information ori prognocsis3 Clark hras applied Decision Analysts to
arid appropriate follow-up of neurological C,7ses inl the US Navy anld
malignancies as well us advice err tire found it; a useful edjurici in
genieral suitability of the individual aeromeidical disposiltIon (11).
tor continued miilitary service. Tire Hlowever, rianry of the numbers upon
necessiiity fur follow-op will almost which tire decision tree is bluilt are
certainly intelrfer with mobility subjectively determilned. Althoughr
reuqerrierimts unless tire follow-up Is utatistical risk modeling is valuablu,
at greater than 6-morrtlly iirtsrvinls or it cannot sube~titnnt for Eiound
tire teats required are very slmphe, aeromnrdical judgumerint. Tire ceal,
e.g. complete irleod countl (CBC). ethical anid political ramifiicatioins

can be substantial tor a preventable,
lit general terirnai, tire waiver medIcally-related rriehap--even when
authorities will try to obtaint a the statistical risks were calculated
return to res~tiri;ctd flying status as to be very smtall. For: thu piresenrt
lorny as there is a minimal risk of timle, we believe a tearm dtocilsor
Incapacitation as a result of process offers tire potential of thu
reclurrence. hr marry casesu, upyjrudirry highest quality decis tor arid that tire
to a lass restrictive waiver canl be waiver guide will erriarice the
considered 2 years arter completion of effectiverreos8 of Urn~hr snerirber: Of the
throra.jy provided there Is noc decirisri team.
recerrerroc. This decislion will
include on aesiesmenrrt, of survival arid JRJPLRUjCS
raecuranica iatar, Waivers are not
generally granitti for metastatic 1. Gibson TM, Harrison MH, 1931.
disease or cases with a 5 year British aviation medicine to 1939.
survival rate of lessi than 90%. This Royal Air Force Institute of Aviationi
number is arbitrary, but incorporates Medicine Report No It 593.
tire economic reality tirat it lis
chreaper to replace an aircrew member 2. Chapilir Jd,, In perspective - the
at tire time of diagnosis than at a safet~y of aircraft, pilots arid their
ihighrer experienice level 3 or 4 years hearts. Eur Heart J 19838; 9 (Suppl
later if a curea was riot achieved. G): 17-20.
From a rlek/rerrefit stan-dpointi, 90%
may be too strict. 3. Benneltt U, Medical-sadue

accidents in commelircial aviation. Eor
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ANNEX A

CONDITION: THYROID CARCINOMA

AG.13. Aerornedical Concerns. There Is a substantial risk of hypothyroidism after
surgical treatment. A small risk of damage exists to recurrent laryngeal nerves fromn
local invasion and of surgical damnage to the parathyroid glands.

A6.14. Waiver. Waiver will be considered after treatment of papillar/ or follicular
carcinoma of the thyroid. Modullary or undifferentiated thyroid tumor will normally lead
to DO.

A6.1 5. Information Required. Tumor Board recommendations and MEI3 are required.
AFIP confirmation of the histology is mandatory. Confirmation of euthyroid status and
evidence of TSH suppression are also needed for initial and renewal waiver action.

A6.1 63. Treatment. Surgery, Somec authorities prefer to use 1311 treatment.

A6.17, Discussion. Generally, moen over 40 years old and women over 50 have a
worse prognosis. Another poor prognosticator is a primary tumor over 5 cm, Papillary
carcinoma is slow growing. spreading locally to thL! strap muscles of the nec;k, lymph
nodes and occasionally trachea but it may metastasize to lungs or buori. Same 20%/
are said to be inulticentric. Overall 5110 year survivals of better than 95/90% canl be
achieved. Because the growth rate Is slow, there is no particular trend to Gaily
recurrence (recurrence rates from 10-241% have been repoiled); patients should be
able to return to flying as soon as they are euthyroid. Follicular carcinoma tends to
metastasize to lungs and bone rather than infiltrate locally. A major determirnant of
outcome is the extent of miicroinvasion. The usual treatment of choice is total
thyroidectomly because there is an 87.5% chance of the opposite lobe containinig
microscopic follicular carcinoma. For patients treated with total thyroidectorny and
radioactive iodine, the death rate at 5 years is quoted as 11%, rising to 30% whun
treatmrernt ki; by incomplete thyroidectomy alone. This canl be largely explahied by the
fact that only total tfryroidectomy allows subsequent accurate localization and treatmnent
of distant muetastases by i 3 i1. Medullary carcinoma and unt diffe rentiated carcinomas
have ni 10 year survival of 50 and 20%/ respectively.

A6.18. US Air Force Expetiecice. So far, all aircrew with thyroid carcinomla have
eventually been granted a waiv ýr to return to flying.

Hoferences:

1 Mopirs AD fladical rnacl dlssoctfon In LI,;em in B. (oJ) Pralo-j ofi¶)i ~lV0,ý W O. WFI Saor'drri.
PlrilludelAlpia

2. Block 13L, SpIogc'I X, Chamui H6. liiu iraoahrrt of puip~illy widl follictikir carocIima of mor Uryboid lIn w o o 09LlI L1110
]1j1d~lSair tyqnyrj~j", 19W(. 23. 403-11. 0tolrynurglorjic clinles of Northi Amorlen, WLI 5urid'~r g. 1hilad irknpc

3. cliwkOl,. Ouir OY Thyroid cancer. In Gronuirpan I"if (rid). 1hyrod isuases Medical clinics of Nordi Amoireca, 1991, 76-
21 1-34. W13 Saund~rs, fPliflutlelpirn.
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TH'~E WAIVER PROCESS AND DISQIJALIFYVING. IE'DICAI, COND)ITIONS
IN 1). S. NAVAL AVIATION PERSONNFl.1

Deaui A. Bilaey, N1 D, PIH I,
Looks G. Gilleftazi, Nl), NPI I anid

P'. Glenn Mercihant, MD, MIPI I
Navcal Aero~space and Opoi ationat Mcdical Insitutte

220(1 lovey, Road
Naval Air Station Pensacola. Fbi ida 32508-1047

United Stales of'Anteica

In the Unitetd States Navy, many diagnoses arc the U.S. Navy's acroninedical service, die Naval
consideredi diSLInIIill's'ii f~j x'IaT10io duty huit nlaY Acit space aiid Opet utional Medical histitute (NAM 1),
be ''waivcd' ito icliro to flighit do ics aller lhas heIL iesponlsibility for evaluating aitrerNNewnienhe's
iesolutioii ol th dise~ase IIr a pi-ojliiate ti eatilii i of" lwiutes to fly. 'Ilic role- or Naval Flight Sunjixins, who
Ithe coiidi lion. 11crsoniiitl wVith waivers ale tusually' die ti aincd 'it NAM I, is to funcetioni as pi event ye
subject to Miote fiU(qUVrilt phIYSiCal CX111iiinat ionJS medicine speciali~its Will to detect nod tic at diseatse. tit
luid/or special diagnostic Iproeedtincs. Althtought the thleir prevenltive niedicinec role, flight sorgeonls pecrtbrIii
Naval Aerospace and i.pciratiouial Mcdical Institute pet hotic ]It *fvsical exmu I iuitioi Is oil aIll aviationl
piottulgatus w14iteni aci 01nedical guideliiies thiat decsigniated pci sonnet. Subselluciai to a ph wsical
delineate which disease cond it ions niaY lie waived exuliniiat ion. aii civ%% ite IIiibI S al e giveI ail aci oninedical

autd diiliJ iiay not. wauiver-s are giwiutcd onl a case- dISp)ON1it ni1o' tIlt'.C;II defLv ali tied (I 4) or tott
by-ease; basis considiner ni ot (mii lv th diagnosis, but ph -vsieal lY tnali tied (N PC)) by5 the fli, 1 it SUIt riteoii .\
tIile age, eCsf)eriCuieC, miUIt tvI e Of aViat ill dut~y of'the pail of' thle flighit pI iYsical, w~ceneie~ ie ;also
iiidi% idual ini qIiistioii. I II is studN naw; iiidei taikcii to evaluated till thecir ability to adapt to die rigors of'
dte: iniiie '.% lich coniditions were niost atnd least aviation. M IS isconcrept is kinown ias aeronautical
likely to- ble waivd. Wec icvicwecd all castes ciitered adaptability (AA).i" Tlb deterimiie aeronautical
iiito (lie Naval Aviation Medical Data [Ia ik who had adaptabilIity', the flight stirgeozi evaluates, tile
beeii diagnosed withi a Condition Conisidered aiicre~ nieiniler's attitude regardinii N~ival Aviatit iii,
disqualiflying for aoviation duty, totalitng ove~r 39,000t 11intiVatil ionto fly. N errrpci anicrit. flexAbility anld
records. ('ases were st-ati lied by diagnosis and psvhloroiigial lcfbiise iiecllauislis. A filin hg (if' not
aviatitoi duty and tie perecetiage waived Was ac iC0lIIi~antatt adaptable (h'lAA) is geniaiei;lv considered
ealenlated till niajor d iapiiostie tlfi. pitinettvtcotltig Aviatit n tcisuitimet vIio ai

Approxiimately 06%, of'all cases withi a drsijiatilviiii, 1tiniii cittiCi NPt) or NAA ale riiedICJllV dis4i nat~itCif
diainuisis wk-ii c ecolniciiiidcd mi- aj w~aive; tlim lriitier flightl duties tinlcss they awe glittited a
()lnla"i zgologic. oplitlualuiuofogic ;Iid noi1se- ttiliver fill tlickids~tlfii nii u
uloskeletal disorders accoiiited fbr over 5(i%,, of'
diagiuost-s iii per-soniuc rucon in ejided flor a waiver. 'the UJ.S. Navy Btureau Of Nlediliuu arid Snrgi,1y
Fear of flyiiig, per-sou ality disorders and adjustmenat (II IUM I f) pothlisfies specific phyi~scal staiudards I'i aftI
disorders wev e die three diagnomss least likely Ito lie aviation duty * Iattegnti s.NAMpntuihesaIdtmt
granited a waiver. T he niist comtmnon disquatil'iiig guideliiies ccli cl d1cli IctC OI ijei diseaSe en Iudi tiOnIS
diagnoses of' aviatit on petsonicin lnot reeonmuuneitdcdi Ilay Ile waivcco and mif le Niierwat emrenniiistaiiccs;. I Iic
for waiver v.ci c disiirdc na of' icliact ioni aiid aceitn- Acionin elical Aulviniiv C'. innit te, a pituil of diwittsace
linodit iou , obesity, allergic Ililit is, alcohol I indiciuuc sp~ceiailisty at N AMM I, eitulal tv ii rees to

dupciudecic,% and lnypci Icis iou. Designated aviatioun \i revie anid u pdhit these ph ,ysical sltandards uild
p)CIOMC %onIet ees igliikalllh ca Mo ure IikI v to be waived g,,uciteliis fior the gramiing ot' vaive! s. waivers areý

tli:11i stindcnits. gp uiled lii aviallult pci snuinict otl a eac1%;-tis-C; use basis,

hem 'ind": WO; ,S'vnrjur' in ol 'I i Ct, ijs 11its, df , jo A,"',-,,,djil ,j imon Makinig%' Ap it 19194.
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as die phy'Keal csjoirenieiiis Lti' each slpeci Ilie aiationl Ani (ilv it' of e itietical diseases &uid coni daiitios
duty and airer-alt eOii~lnwitv dillr. When a diagnosis esinsidri ed disqiia~lli~llzg fir LIS Naval iax i on Nis
or itedical condition is Considered to be disnqualil~ting, inot bexi pi eviously nue ae.limox'uiis atithinis Iinve
but it can be detemnined diat the individual's hecalflh, exanimied iidicdial dis.I.iial ifiatiims filr die Royal
crew safety and mxissiont coimpletion would not be Austradiani Air F~orce"i fIjitisli Jinilitov amild civrilianl
ennipromised.. die grantiiig of a waive~r is eoinsidei-edi. aviatois., 1' C xindLiKUi FOICC ecsIS'`FIII pd t.M : lci a ine
Fuitier eonsideration is givliI to die age., eXpet ienIcc pilots.7 U S civil amicii Uluad mili inc liilols".* mutt L S.-
Ilevel, mid airensfl type floiiw i> flie: misqiialified Air Voiee avianiti tilij i soi mel'"" Th 1' Ii mi of ilitse
ii idividuLJ. Woiliem sM tmic be imIucil xxsdm speciflie earlier x im~dICS %%,I JHMMs 0pi iialvoi pil its md 11,1ox ,IgnIns,
resti ictions, suehlias in11itialions to certaiii aii ci all typeCs xVlmetemms% die focums ti' this IMIIipe o ill all].ii lw
mid aviation duities- Iiieludiiig pilots (1 iveiftemc efeIi ciito mrs Naval

Avimitoi s). flight ollicci s. 1flight stiiitcxmi in id Ci listedl
All physical esmamiinetioim sulI)IiissiNNiii lad xxmVi~me wit eiexximcii 1 lie AM I RS is chicuseiitaiixc illi die
requests Poti U.S. Navy' a'immtimi persoiiiel ai e cviewed- Naval Avimitiion ilopiulatitit. iiieliuding mid iOMiiiiicml dmita
by die physical stmxxmdards depatrtment of NAM I and tii a0l oftdie abovec listed pci soimimel txlc, 'lies 11icl IRsC
dieii forwarded ito die appropi ate; specialty consultative of, Utis z poit is ito esemi Ot dieýc dest l~i e cliii; citIltloiiji
deliismmellen for fulidiet re;view. 1lie waixvci evaliaiiiiii of distulmimil tip i nictliemil ciii dit inim. ill U S. Nix il

oIel exmuili CNMics die act oi1imedieal eiicOHIAJLeC;iieelo die miviat ill pcI -Ii sii c
dis'iesce and/oi tiicalmincii, as \teli a s the lociiteiimll
diseise ivcmiri ieie, oiid eoi telmtes time teiiltls xxitli 3, NI El'I 101)
kiixletkdge o thedI asoiate0i:d StCi;sss iiihmeieimt to Nasall I lie Co1iiipiite11Zd lLiiilIimie sx.01 stii AM I RS)

Axiaioi. iie hysial tzudar~x epaiii eii tleii miaiiitmi ned hv x (lie N1 as i Ae ost ice ai id 0cif ii t oi,m
nlak~es a1 finial deCiSioii, \\111 th Iinei cut IHilCN.ý to MdclIitlmewstesiie l.l tdem
icomimmimeod or itot iccoimimmetid a waiiver Ito Meuil tio recidsC 1"uled ii ths [iive st got oilal I lie xxmixi

f1ijg~t swtats. 1 lie rcoiclmnLnndtion is Lien fbrxxu dcii to .. tictlik ofsted A NI ) thi S cmsitali us lx i c iCkiles

U.S. Navy thitican of' Ilirsouuill fbr Ultii'taic apiipovai daa iuetiont of avia lilt S cotan siiiefxlii iiicc cim ILI ii

or disappiiovail. 'Iliose itmdividrmahs'ruiledi a waiver aic iiilitliscii kiil l IN101iWIOdC \00 nitý hicmimmicml111

'Subject to inucase~d niedicad sciulilmy ill the Ifori of 11a0t1 i i a11'&Il Itaisilid I'lhhu 0Ilixt leaf -x~l~i ;iii loli
tiiiiie~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~1dll[L f011el 5iiiit~ elieIxlilii 1 lsxi Smfsellii lill1sidild eliiiiiitiiiii t)1NiCL \.111 I'ilIxioni
esmiitimatious Lmit wiiifilomliixtme le melilied txiisnc i iie p% ica cxxu~ici sulmike il ;le cinividualii

'Cmsiiiiiel:61S "l 1i W ldeiim awaCiver liei iiia CLie Mif h M )iS l xmle

dccriomimt via the Special I tonid of1:1pli Silligemmi s at dielm i c ultsen noi om ie iithe NIR d Atm llma \;is i

NAMI ~Septituber~c 19101, tuLtmihig 39,099uf iee~iiiis. xseite

Sii ec all aviationi pliysicmd examiuiratiolls axe senit to) eligible Imr this study. A coiipuiter ulata file
Coiitalining time ax' atmonl pliseNIC~ date. 11ii1111i dalte.ccliii afized location (N AM 1) for review and puoecssilig, branrch of, setrvice, tvfie of physical e 'miiiitmiiiliol.

die olp~iotlunity to ctinpile; nit extensive. database ott die c ein igoe il i i) aiiIiildi

aetootedical staltus of aliitioii persoiiiiei was apptarenit. aerlidcal diagssisi (iii; toia Ii\) uniall (li i lt'm
At N AM I, die Aviatioul Medical D oam Reti ical Svstencttsmrmcixii fxmsiimiui
(A MIllKS) funcltionis as an tsiitlixtciiied reliositoiW (if aie
aeltnicltsical data." 'I lie AMIIRS is aiii outgroxxtm oIf' Ifiese reCom~ls icpcCfii1silei tile \\iitVi iiillC' of~im
dlie U-S. Ai iix Acionitin edel Itescam cli L atkii mtiirV's

Avitin I)LI .11101~gC %Ij icAM S 20t3`1 NV'C M separate iififIdils. wit11h~ h liivscll
Axiaiou dVI ipidei Itloi ha89 Regiter Clitelll AM e R xamiinatioin datc-s exiteninug bac~k iltol uLie 1981)n

wasdevlopd ii IYXYsi I cii ctilv iiltliiisxva cc ~ itidi'vida is himd ill mixerage of' I .if 'llv ic~
dtata 11101ii I 916 to die pIl esciit aid pifiysicmd exootrinlatiomi examitiiiationis recorded in tire wiveivi dalmitumiseL p'!
sobmnissionms onl all Naval Aviation pitesotinel exteildiit person. wvithi 40i% of iiidiviiluals luaci impj tWO il ir ii0i1;
back to 1990. Physical exantiination daita may be x''iver ditabase entiries For iiidix'idxia1 whs ha id
submnitted frloml bodi local and ietinote sites, afloviiig inure, than one xx'civer database clitiiv, all cliii tes
tiiltiefy entry oh' itifonniatioj ifotm wvorldwide locatioiis weervc\c l itiistmrieml co)ittest. Ii wmis Iuelt
xx thu ceutind review muid cotiiionl if die doitalbase. 'Ille dtrtictimied xxlmetliei the indli vidual hiaid ieee veil a
AM [31( has the potential to tie utilized to perfonti N\aiver of' the ilivsciital ida irirs Or iii0it. Ill SIMiIC
cpideuniologicmd studies and to s1CAl lt die LILWI staiifard ýIslicll if- omto %sp" tIltl
mid ar-ionisidical dispositionus of as'i-intiot pet soiiiiel dat~baisc toimiiake at dceliiiliat ionl if thle 1imcsciit
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waiver status: these 1,495 individuals werc removed disenrollmcnit firn further aviation training. hlie
from the stud)y population. 1,642 aviation personnel 1,379 individuw,:; who fell into this category were
who had been found not physically qualified for a eliminated from the study because their
specific type of aviation duty but remained qualified disqualification was not due to an acrontedical
for any other aviation duties (such as a Naval decision, but instead were due to an administrative
Aviator who has ben assigned to a restricted flight action. This selection process resulted in a final
status for aeromcdical reasons) were also removed study group containing the records of 14,294
I=m the study population. The AMDRS also separate individuals which were subsequently
contains flight physical examination and waiver analyvzcd.
request data for a variety of personnel other than
traditional aircrewnezmbers, snch as all air traffic Records were then categorized into two majior
ControHers, cvilian support personnel, air-cushion groups, eonsisting of those who were rcconiinendcd
landing crafi operators, ad NASA astronaut and for a waiver of the applicable acromedical standards
mission spwcialist candidates. Records fi'om 1,542 (the "Waiver" group), and those who were not
pcrsonnel belonging to these groups were excluded recommended for a waiver (the "No Waiver"
tiom dre analvsis in order to focus the study on group). Individuals in each of die two groups were
aircrew personnel then classified by diagnostic groups within each of

the major diagnostic categories, oy age, by primary
For aviation personn.l %i1hose reeord eitrv included acronaulical duity, and by branch of service Age at
more than one diagnosis, lie diagnosis judged to be the time of physical cxamination was used for tHis
most scrik-us was chosen as the condition osponsible study. Comparisons of waiver frequencies among
Ioi the disqualification A database couniaiig all selected populations were niade using Chi-square
diagnoscs listed in the lreiuiatioial Ctlassificatioir ol (-.V) tests for categorical variables and Student's I

Diseases manual (('D-9-('M) aod a variety of tests for continuous variables. Statistical
itlitary arnd aviation specCific cotditions, totaling significance was set at die 0.05 level, two sided

over 19.000 entries, was reviwcved urdependelntly of
the study population and 16 mijor diagnostie; 4. RESULTS
categories %ere developd. 'Tlue major diagnostic
Categonus are listed in Table I An additional Table 2 presents the major dcniograhlnic

characteristiea of the two groups withm the stutd'

"TABtLE 1. DIA(NOSTiC('CA'T(EGL)RI.S samlple. Statistical comparison of the nicani a!ne,
........... f Ilight hours and diagnoses per plhvsical is shown 1n

Cardivaiscular Table 3. Of the 14,294 aviation personnel included
De)ntal

Derijiutoli'gv iii the study, 9,437 (66%) had becen recommended

Eitdocrinc I Metabolic for a waiver of their medical disqualification. As of

Gastrocnterologv I January 1994, die remaining 4.857 (34%) had not

Genitouriniary been recommended for a waivet. \viation personnel
I tnlialology who had been medically disqualified and not gramtcd
htfectioiis l)iseases
MiscOllamconus TABLE 2. DEMOGRAPHIC
NtasNrulosl(.iCh.,l CitHARACTERISTICS OF NPQ & NAA NAVAL,
Ncoplastis AVIATIO.q PERSONNEL
Ncurology No iVaivcr Wuiiver
Ophthalm ilngo, (4011 (._nair, l't
t)tomimulm~l~inl) sIs' Numiulc 41957 9-137 1.129i

PsI clii;un, I )ujgoscs pi phy-sicd 1 74 1.2, 1.-12

PulniollUar, Mc;uii age 300 32 t 31 4
±-ssiu tols f hlgnt Inours 49(.5 I a.lg 8 t61 o
khSMC % I. 1 17 I 16 x

catcgory was developed to account for USN 9/4 769 79.1 Ah -

admiirstrativc disqualificationr: from aviation dulics, N,,val Avi1t9 us A t 9 33.6 29 0i

such as substandard selection tce scores, incomplete NW;utl Hlight 0nlicics % 9.7 It1o 12.5
physical exaim inatliolrs, alrthropollmtciic Mini 1 hrht Surgenms 5. il , 2.5 I 9

Aircrcw
5

/, 40 .3 2S 3 32 3
titc'mrpatibilitics, tcrnination from aviation dulres tkPgust cd "A, W.9 7X 4 75 9
for admin istr;atIivc reasons, or voluntarily Studens P 29.2 2 t, 2,1.2

&sa e t .-.9. 6- 2,.-
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TABLE 3. COMPARISON BY DIAGNOSES/ diseases seen most frequently within a category. All
PHYSICAL, AGE AND TOTAL FLIGHT HOURS. diseases which occurred more than 10 times in the

Waiver No Waiver total study population were assigned to a specific

Mean (SEM) Mean (SEM) p value diagnostic group. Diagnoses which were seen in less
Diagnoses/t'E 1.3 (0.01) 1.7(0.01) <0.001 than 10 individuals were incorporated into the
Age 32.1 (0.08) 30.0 (0.14) <0.001 miscellaneous group of the appropriate diagnostic
Flight Ifours 1048.5 (15.6) 496.5 (17.4) <0.001 category, In addition, die proportions of personnel

within die diagnostic groups who received a waiver
were calculated. Based upon Urids data, thre

a waiver wcec significantly more likely to have more freq uen cdi B s p on this eah o

diagose recrde at ie ime f teir hyscal frequency distribution of piersornniel within cacti ofdiagnoses recorded at diec time of their physical di•e major categories was tabulated and is presented

examination (1.7 diagnoses/physical) than those who th ijcr i wn
were granted a waiver (1.3 diagnoses/ physical). In
addition, miredically disqualified prsonirel were ofa Oplithalmologic conditions accounted for the largest
younger average age and had less flight experience, percentage of disquahfieations in aviation personnel
and the difference was statistically significant. The tot recomnded for n waiver, representing 14.8%
proportion of Marine Corps to Navy personnel in the of die total. Otolaryngologic diagnoses were
study groups was not significantly different. responsible for next largest group of medical
Table 4 presents a listing of t .e primary disqualifications, accounting for 12.8% of the total

lisuas stin o die rnostiac personnel not granted a waiver. Psychiatric
disqualifying diagnoses classified by diagnostic conditions and other diagnoses (discases not rcadily
groups wvithin_ die nuajor diagnostic categories for casfe i n~

a of die two study groups ard representst classified in any of the single organ systernr
groupings) tcr he third airod fourth irost corirnironi

basic data used throur•hout the rest of this papler. conditions, each accounting fort 11.8% of

Diagnostic groupings werc chosen to incorporate thre

FIGURE 1. DIAGNOSTIC CATEGORY DISTRIBUTION FOR WAIVER AND NO WAIVER GROUPS,

Opphthahlrrilogy 1. 148

Otolaryngology . .... .... ... .
Psychiatry --- 8. 11.8

Other Us6.

Musculoskeletal t, / I • 12 1

Neurology - .- 102

Cardiovascular .18.-• , ,.' ;,, ., s

Geniourinary ••.,, 8.r2r % of faiver Group

Gastrointestinal . 32. I [i % of No Vfiver Group
Pulrrmanary 1 26

Eno]ocine/Metabolic J6I.] 23

Neoplasmr . 20
Dental 10lo

Hematology 8

Derr-nataology .7

Infedious Diseases 07

0 5 10 15 20 25
I, Percent of Total in Group

.8
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TABLE 4. CLASSIFICATION AND WAIVER PERCENTAGE FOR DIAGNOSTIC GROUPS.

Cardiovasellln Cwldienlyujsidliy4 H 636
condctuion 3)~tlvuvilccs 10 11 21 52.4%
Cunlgeililul llefcc - I luad 15 37 32 53.1%
Colunutty tUlwIy 1)iscisc 37 19 56 33.9%
DSlyiyikiUia 931 112 210 53.3%
llypatleniim Is(, 426 592 73.2%
Miueelilmio 28 17 45 37.8%
Valvular Disenne 67 141 208 67.8%
Vascular Di"sese 13 33 46 71.71/

Ikiilal 5ito 17 67 25.4%
D1muuitology Mjaeelluwious 21 36 57 63.2%

1'uwlimiusj 3 45- 59 77.6%
Ilidcijinc I Metaboelic I Iinhien MclIil,, 30 13 43 3(1.2%

(ioII 11) .1.1 5.3 X935%
hid)lsahdvi, 12 47 59 ')9.7%.

Mcla~lloIic 7 9) If, 56.3%ý1/
Murclhlenwuu 8 7 15 436.7"N

______1_ KM/______ blolI)~av _______ _____ I9 (9.3
(uu~~liicsilIi vi:$1iag'l;5CII I Iicul 16 51 1) 7u 1%

1U:willoiulieul11,na Illceding 7 21) 16 803.6%/
IIl.31(Ii111S 9 7 I5 4(,.7'Y
llcrinoi 31, 3 31l 7.7A(

Imn~ italic Ow Syud'bioc 7 11 Iý 6 I. 1','
Miucc~laleuous 29 1(, 65 55.3%4
Pelitic IJIlar IDisc,c 11 126 359 79.2%
I 1elci ,ivc ('oliIivLd'iohlmn 3 iscolse 17 49 W,1 74. 2%

(eicitilolli ''WYi ,91co131[V 2 121 8% 75.7
1 jentuI tit, w36 7S 93.3TX .

lvi iclIoglc~is x9 28 4(6 601.9%
ItIliseaw 8 8 16 5(.1Y.1

ketwil 3 iuISC- 9 31 432 7H.6%
______________ I wldiioiu _________ 151,231 719 81.3%

I1lcuwlolugy Auceiuto 22 51) 72 6,9A.%

I IIIII(I1I3Il~lt3lI'M7 1.3 11 92.9$'.
Mist lC~l111 6(9 1 35 60101Y.
Stahls 'lI st3lic'clclmany 1 13 I5 93 3'Y6
InfeIioI Tbo IIII cic)jxjiu I i.,__ 4_ 1, ) 5134.
1(11(3593l Ihus Itllq isciseic 7 IF( 53 (. 9%,X
I ICjiplCIC In ke~jlnIsl 6 20) 2'. 71W,,

1 HV hIf hitt Ius 1 I 1* -1.31%

thiiile;" le ((malc 32 911 12 2 7.1 M%
I lelnustled Iuclcsiu I'ilpniss III) 777 487 77.4%
Knee I(vi 1(if, 271 3791 72.(I3%,
3.iImilCHuul es I Dl~wisltiilasi 55 62 337 53 ()1/
I,1 ow :6 aick 3am ) '47 P)116
mi..cllialnleis 60( 11l 1() (AP.1(,
Retained 

1 3
itIoll

3
dic Iaiwdwiti Ie 33l (1 72 9;(6'X.

Sliouller 1)iorslca .13 X7 1233 72.5%
8S [A I Iu ,-I 33j us 25 56 13 4

Neoplitinlis )L-1:1Io.1
3
Iy 6 i's 73 13 1 W

(mull 1oillciiviii:l 9 7 15 '13

1 ,C1111111 1(:115 WI (10 5.3 1 3
I 3e1l(lmdoic 11 29 331 s1 W.

K1,cII-ClIcos 11 32 5s 76.4%
Cnotaii Ne, tyas (ivuicin 6 6 32 50.11%



TABLE 4. (CONTINUED)
C1 .ASSIFICATION ANT) WAIVER PERCENTAGE FOR DIAGNOSTIC GROUPS.

Ncurolugy Air I MuI~on Sickness 131 3 15
Cmubrovasczular Discaca 3 31 11 72.75a
1D"ornptessiu Sickness 31 67 928 68.4%,

Lkycliuit~ic Diseý' 6 5 13 45.5%
Lifaction 5 6 :1 54.5%
Intracaimida hijiuy 51 112. It; 6o.3%
Lsscl Cniculascicluus 27 26, 531 49.1 %
Migraine / I tefiahe 155 146 301 48.5%
Miciclweolualu 20 23) 40 500 (%
fl'inipheia Neive IDiseae 14 19 331 57.t,%
suinicci 1)i"cIdt, 52 4 S3, 7. 1%Y
Siajlii Cold Dis)idei~k I(] 39 s .7%

OjIi iti ~.19y Ca,3iaic( I 144, 57 77.21Y
Color Visioni I Xkicicy 71) 82 3361 50. 9%
0.11c;. D isoiidci 23 Mt Y') 31
Delictivo slieeopii 5-1i 9-1 42.o%,'
EI'Micuctidij Motilitliy D isoirder IR 310 491 62.5%
(fliiticca111i 17 59 75 77. 1%
13iAi 1)isiidei 4 1.1 18H 77.8%,
misceI.uieou.ý It 2o 2H 7 1.4%
1(cli aict ion / Accomiiiiiioiidu ioiiIxidus 0,8 1006( P1.84 59) 71N

_______ RtoliiiI DIvmeis In_________________ (03, 82 7X.(3X,

011ccAIIci gy / Aiuih~lax;I i (i 25 3./
l ii idi .ciiici 8 4 21 33.3%
I 1ci,' IN111iiii 1it'll / I kviil stlock I 1 6 5110(1
I Iylyikcpleit tiiig Alumigy 2o3 53 73 72.0%
Mcdijcu11cii ).,C 21 it, '77 72.7%
misMcullaepuls 29 20 .19 41.7%
0l1w~t 483 436 919) 47.4%

to3uwyogigliigy AlIciyt 4IdtRinitiis 21 I833 2 3 1.1
C~chuc~e.,3cuiiu 4 203 24 H 3.3%
lVustuchuiuic 'lub I ysi6uicl iil 111 12 125 9 (6.,
IIecluing iiii 5H 244 302 90.81Y
111iiM FUJI IDjcMSC 12 p) 31 313
mj:;cVlliiccoivi 241 1,7 90( 74.4,i
Nucitl Pl~yps 1.4 21) 43 67 TA
ofilk. Mcdiai ! IiNlciiili 7 12 11 9 , 3. 2%Y
Siiiii, DIiS..;SW _____ 9i 114 213 53.5%,

i'"Iyi~natiy AIi~ic, i~~e ( 9 51
Alcohoil I epciidecicIAbwe ~ 171 4 70 (,.1I 73.3%
Anxietly IDismidwu 49) 6 55 1039.6
1e)plcs1:;iv; IDkerdci 43 23. 6i9 37.7%
EIllic3ligD.uioIeoi (t I W( 40.30%
FWcc /i lii I .cm of Moli va~lic1 28 0 28 0(.0%
I.Mciliiiig DI)Ncdcia 131 I I '1

01110i Sii11%liic llCiCIi.LIA-1iu. /C Ahiue 4(0 222 2(.2 83I 7%,
1'c so~ljlv It Dkoios~iIifhIi :ii 81 1 82 1.2'ý

___________________SuccilliiiiilcIliml 1(o 6. 1i 37.5%
1,illliiuilwy 1111i,111 703 55 125 44.33%

CO')4 16 211 3-16.13
Micelvc~us34 29 W, 46.13%

19iecclulldoux 11 46 57 901.7%
Sarcoidtuis 9 22 31 71 33%

Total 19____ 357 93317 1,12941 (6b.0%
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disqualifications. Ili contiast to tile non-w-vivcd TABLE 6. DIAGNOSTIC GROUPS MOST
group, thec most fiequent conditions rcconunenjud LIKELYV TO BE WAIVED.
for waiver were o4olaryagologie, ophithlalmologic and Diagpnostic Groiup Percent
..musculoskelctal diseases, iepreseniting 25.0%, Wie

14.8%, and 12.7% respectively. 'I icso three disease Rtetainied Orti jc~lic Ilardwai 1.6
categories accounted for over oe-hiailf' of all Status Post Splenwcoiny 93.3%

cudiin; eininedfr aieDcrinatlolgic Neoplasins 91.50/
coodiinsreoniede fr WI~r.Thyroid Discassc 89.3%

TABLE 5. DIAGNOSTIC CATEGORIES Fung:&Il Disease H6.8%
BY AGE GROUPS.- --- Tl diagnostic groups most and least likely to bic

Diagnostic Categoiy 17- 1) 301-39 404- Total waived were extiacted from Table 4. rank-oidercd
Cardiovascutasr 317 410) 484 1211 and are Presented ill Tables 6 and 7 respectively.
Dental 31 1s Im 07

LiDurinauc Mtboi 53 t2 15 27 91). Retained orthlopedic hardware was tWe condition
CUlsl1FizlILesfiiiid 137 1 1h1I 1 4 most likely to b,; waived, being waived in almost
Ccnullouiiuluny 2K3 307 2K.5 935 94% of' ths. 172 l(Cr~omlUI with tl'h condition,
liumaitology 75 42 36 153 Current U.S. Navy aciomnedical stimidards stipulate
Infectious Diseases 55 45 14 114 that retained haidware is disqualifying, but a waiver
Museuloskueital 747 559 ! Ix1 1724 is easily gianted it" the; orthopedic inijury is healed
Neuplasnsb 42 9H 10)8 248 and these is no ilmpairnent of' mob ility.
Neurology 511 2'1 142 90~4 Spihvectolmizcd individuals and dumialologie
QPl'tlalinlology 1431 489 384 231R, ne~oplashms well: tile svc aul and thuid mulst fIq(CnLU1'
Other %(1) 116 215 1 HM waiVUled coditionIs, being waived 93.3'. (and 91.5',
otolaoo-lgology 201h8 (, it] 324 29X2 oftli Linlle respec~tively.
P'sychiatly 777 .107 1.111 1 .124

2-1 Iomnaa- 137 __ R7_ 72? 2 -9b
TUaM72.2'.' 4W .ý29_93 142914 TAttLE 7, DIAG.NOSTIC UttlOU I'SLEASTI

,IKE.ILY TO RE, WAIVED.
DIAIglust1c GroupPecn

Table 5 IleseCItIS the age group breakdowu of thle Pe-ar ul Il4yingl -/ Los ol Moiato (.1
total study population withini c(5cl diugnostic; 11'esolality Disuidensr1'mits 1.2%
category. .[lie, age distribution of tile entire study Adjuistment Disordui S. N/

populationx is skecwed towards tile 17-29 y'ear old age Sei /us V Diwoidtl 7. 1%X
group, which a5iiolsu thle gene) al age distribution of III V Di sease 7. PX.

t1l; active duty pop(ulationl. lIn gellelal, tile agek
distribution af each diagaostic categotly paral lels tIle tear of' flyin g or loss of' motivation to fly is
age distribution of' the stody populnation, with) thle universally acknowledged as being inlconmpatible

* exepltion( of' cardiovasculaiO, elndocl llle/lleaholh: widi Cuiliie, aviadol(C Veivce wsd was the colnditi~ll
disorders, wid neoplastic diseases. Thils is 110t least likely to tic waived, witli 110 w(Liveis gralited
unIexpeete coilsidering thlat Corlollly ar-tely disease, unislolg the 28 )ci sollnlcI with this condition. 11it

* hypertension, diabetes, lipid disorders anid psychiatric conlditions of personllity disoidets/Itaits
mralignancews are olore pi ealent ill ul'kT 1Igvv mmqvlr mIad usindsidi Octe xt Iva t 1-....y
ie 401 age group represents 21 "/ of the total study groups to be wvaived, beinlg waived only 1.2% uid

p~opulationl aid aecoullted for 20% of' persoi ..el 5S. I1% of tile timle tespecedvely. In genci a!l, in(dividual
denied a waiver. 'ibis was in maded conitrasit to [lie il ieel~lii~Saentsial u oli((e
study of USAF medical disqualilimitions by Inititaly sC) vice wid aie on~ly rarely waived to eiclaill
Whitton, in which the ovei 40 age group accounted in flight statils.
for 55% of disqiialifiealioiis.' It is hypotllesized
tilat this djilfeicucc i;sLdue to a difleienee inl study Ani unexpeCted finding was that seizure disorders
poputatiolls; Whitton stlldiud on~ly designated p~ilots and I [IV inlfectionl were waived ill rare cases. Ilhese
and uavigators while thlis study in~cludes a large waived cases were tie)) individually reviewed. TIlic
ploportioin of' youn~ger enlisted ahireewniell alld four eases of seizure disorder were waived for a

studnt aiatin pesollld.sin~gle seizure due to somle temlporaly or reverYsiible
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crnvirwsonivcttal cause. IlTh one waiver granted -.o anr exceoxi weighit stanidrds canl be waived if they
111V intiecte aviator was not due to a otherwise mnainrtainr anr acceptable body physique, are
reconrnrendtion for waiver approval by NAMI, but in good physical condition, and their weight and size
was thre rus'rlt of ani appeal to a higher noir-nidienrl does not Comnpromnise aviation safety ."
audioiity.

Allergic rhinitib w~as dhe most frequent diagnosis
From Table 4, die diagnostic. jroups nuiot likely to arriorig personnel granted a waiver, the third niost
have waivers reconuinerided and not rceolrnuireded, frequently occurring for those not rccominnrededl a
respitivcly, were extracted and i~utic-orderedf and waiver, Lond dhe muost frequently occuri ing diagnostic

are presented as Tables H and 9. group cverall. Allergic rhinitis is a corinonu
disor der that is potenrtially disruptive to aviation: duty

TABLE V. MOST FRE~QUENT DIAGNOSTIC if the Condition occurs frequenitly or for iirlloirgcd
GRMOUPS RECOMMN DED~ FOR WAIVER. per iods of'Ltillie. 'lhe diagnlosis or history Of allergic.

Diagriostiv Croup Numbater or rhirritis allei age 12 is consideredl disquralify'ing inal
________ -. Utrgnirs aviation: pesounirl, butl is readily waived I'r

Alter gI Irillitis 1844 individuals who :1o e mnirrirnallv symptomatic or,
Disorders Of hl t:ationl I ilceonrrrnodnriorr i 61001 asyniptomiatic. Ilire existing NAM M ;tici itma for
ul-olitlrilisis 024 Cstalll:4intirg thre diagnosis are currentfly Under review
Alcohoul dcenrrderree I ibuse47 to detcrrrmimm if' a worec relaxed standard, which

-ObeSii (wet~l jLtteceedinrg simiidnirds) 413, would result iii less disqiratlirenitroiw, woolr li1 e

Ref'ractive rand nseeonrmmrodaivc erors were; noted to
be bothi the rmost firequently occur ring dliagnostic. A history of' alcohrol dqwperidrce or aibuse was the
group rnot rccormitirrerde for a waiver anld tir second linritl rmost fre~quenlt diagnIostic L;1oup1 fo~r liCiS01lilet
rirost t , lecirerrlt grout i ecoirirnneded Cut a waiver. both giarited a waiiver i rnd tho se ruot r ecorri errld
Thu, is mml lieC Withr tile Slir Ct Visior rSruidalar nistar lil Naivci. As inl tile gCHL- t pi i )lhiatirrir, this
aviati on persoinnet anid lIre reed fior close P16low-ut r Condlition is commrn on. D iagn osed aviation Ilicisonirre

of, irndivrduals whio Clil Ioutside. of' tilt; stwsrdands wid who suecessflr ly cormplete a prescribed tciatunurit
ate eligible for waive. In: geireral, designrated prograr:: mnrlr be griulrtd Z. wnrivel subtject tin Close
pnursoirniel with retractivo eriors are feqireirtly aerorriedical rioiritor iig~.
Srwrted a waiver while aviatiorn candidirates aird
student aviators ate less likely to be waived. I lylerteirSIVe disc.re Was5 tire lilthr 11rroSt eOMUriror

diagnosis anror g irndividuals nor reeornrrernded for a

TAttlE 9. NIOSTFIREQUENT DIAGNOSTIC ',s'nmverj Ini addition tir the disease itself', inrreieatiorrs
GROUS N~' REOMNIN~t: ~ORused to treat tris disorder rue disqurrliivirrg for

WAIVER. aviation: dirty dire to thO p1ossitilitV of' .rdvrSO
Vlapii~icGroupNumbr rof Ctions~ Or UrIICi~leilnbIL side Uffti~es. Treated

/ ~ ~ irrdiVidiialS who arc rmrinioterisive arid onl a stahlc

Disorders of ichotinrii / atxuornrrrmodnrm W7S dose of ror ntptoved miedicatiorn rmay be grar ited at
Obe~ity483 waiverk nt irir to flight dirties.

Alle-gie rdrinitis 291
Alcohol dependencc / abuse 171 UrolithriaSiS waS die third Miost CorVIirrn1 diagnosis
iiiiiin 15f() amoing aviation persorrrrei granlted a waiver.

Recur reit. lenal anud ureteral ealculi nure at prteirtinrl

Obesity Was die seCond most frequirityoerrg cause oft in Ilighit irrcapacitatior: nurorig Susceptible~
ltlyOccr 1 llg individuals. Airerew vli who nve had :il irritiil episode*diaLLnosOtic groupI fir iridiY1111, vidral Vrirt g anite a waiver of' urolitlnias is requite a thorough irntabolie

arid tire fifthn ruri fiepinciri diagnosis in: waived evail~trar Il0 o )~lrW1VC 0llil
individuals. l1ris ihlarermit dichotomry earn ti e *f~j IdulPiorI nc intr . asrtu eini
explained by inl urideilsti'idiirg of' indivirdual t lfr nis
diagnoses Contained within this group. Tire Tal. 0sosd td iusca iidaciigt
dirugunostic; group of' obesity includes dire diannroses of' TbeI)sostr td rur lsiidacrigtonlyobeityhutalsoof vn~i~it 7 dteir 1ii irnary avinstioni duty. A cornpwuisuor of' tir

not exeedinrg aivcr rates firr dusignartd aurd sludent (ruio
aviatiorn and/or military standards. Individuals who



TAB1LE 110. AVIATION DUTY CLASSIFICATION.
DLSIGNATED STUDELNTS

FGroup AC NA NfO NIFS SNA SNI:L SNFS Total
rNo Waiver 195t) 9681 473 41 99 385 ___ 42 ___-

Waiver 2668 3173 1320 234 14i1 380 201 9437
Percent waived 57.7 76.6 73.6 85.1 59.6 49.7 82.7 60,.0

Total 4624 41t41 1793 275 2453 765 243 14294
AC - Aircirewuitw, NA - Naval Aviat~or, NIFO - Naval FlIight 0Omeer. NFS =Nwal Mlight Suigwon.
SNA - StudcntL Naval Aviator, SNI-'O - Student Naval Mlight Off7icer. SNFS -Siudeid Naval Flight Suigeon.

* eit~)a'wion~l lsINMAXleC wits [XrbrtinxlW Wid iN TABLE 12 . WAIVECR STATUS FOR SLLEC-11D
il cSmntLd inl Table 11. AVIATlION DIFI*Y GROUP'S.

No
* ~TABLEC 11. COMPARISON OF WAIVER UiUj __Wnuiver Waiiver O-R (..'15% l au
*FREQUENCY FOR DESIGNATED NA 3173 94)8 1.18l (1.0-1-1.33) 0.0113

VS. STIIDF:N]'GROIIPS NFU 1320 473

Coi, Wauim No Waiver Waived NA 31731 908, 2.38 (2.17-201,) 00.111
*Designatedl 7395 1438 613AC 2oog~ 195&

Students 20142 1419 5Y.0) -_________

OR- 1.49 95%CI ' 1.39to l.6l,p)<03))l mn'sidet! NA 3173 91,H 0.57 91.40-41.Hl) (10.M1
NIýS 234 41

* Desig~n~ed pesknnel, as a gboup, weew siwnlicunwtly N 11 v8 19 17-.))~)~l)
noicl likely to be. waivW dital students (OR =1.49). NAl 42221 2471) 9(J7-.)x ~o
ThiS IS eodtINWten Willi e;unen;t Waiver gUideilC iesvlidl Al422 27
reflect the aesoinedicil philosophy of being willinig to
aecpl. iniure risk vi'dis"Lse il i) ainUIl wid c eaex l Ni) 231 43 2.) (.2-.
aViationl pliulaicieI AC 261,8H 1956

tli-variale anlalyses of' tue difll enees inl Ww'vcl law's NP.) 1.32)) 473 11.49(1)34-0.70) <03(All

bet~wec the v.uiouu Nspeeiic aviatuio duty gioups wcic NFS 234 41

perfonned wid Owe rusults awe shownu inl Tuiblc 12. Odds
iatios (OR) Luc rupuitedl for each comnparison. diI tc Ldi~ ULU iIIIICIC lillySileal iA'OillilLitiOll tLita %VXS

inot entci ed onl all individuals virlil I 990;~ I ýnidaII 110111
Signifieauli dilknaeeics weivriunted between all pt inialy 1997 to 199011 inll~de onlY spccinlik; WI% ICiiii iii6laitui
aviaion duty gioups wialyzed &~ a gioup. Naval mud wewL mnissinig gmeie.i. duinglhlhic dita. 'Iliese;
Aviatois wcic inoic. likely to be gimulod waims dial ljnijLitimns .Weie aecoomllied li6 ill wusAilyan tile data~,

* Naval Flight (Jffieis (Olt 1.18I) wnd Naval %vltie~i out of' 201,3U2 ildiVidUAlS ill die W~lime tile,
Aircrewnine (Olt -~ 2.38). N;Ava Flight Ofltens wine 1,495 (7.4%.) %wciu dsuecuded due to inoll0ll)CtC- iceodS.
also ll(rc likely L be .Yaived thanl aircicvancrit (Olt ý t is unlknlownvl wll eflxlee this nray have "ad oil tile

2.014) Naval Flight Suigennas win si~idleuajly inlule wsl~lts. Since die 1database ofly iiill~udh2 aiaItiohi
likely to be pullted waliveis twln any other group, Ilbysieji QXaiiilathOI( diata it is pO55ibli; diat aiviationI
inluigdJ Nuvid Aviatuts (ORt -. 75), Navil Flight personaui widu. sevclre ci' disbling mndeJcnIti
Offiela (OR -~ 2.04), suid arcrxn~ci (OM = 4.17) 'lio ale intiUlweiamly retouved folion tlighlt status will not

have a lited aviation p~hysical submittecl to the,
Although hes diwLhaUicesw Ill %wuvkcr iales tl)r seleted klattabihsc. hsw ldeatoysnaeunnjxtg
avialion duty groulis wele sluitow h beý sifiticisly of seiiious ease= within all aviation ealcgnijes. A
signilseatit, it ritgllt be mior useful to look at dile substaniial puojsotion of' inidividuals wvho %vveLe onlly
dlferezie in waiver ratcs; lot slxffeilk(i' illjc iecrittly repoirted Lo htave a disqualifying coilitioll luid

wlxgtCC . osgrout/s. NWel HUI gialited a WaiLvr nay ye) be gimaute a waiver,
allowinig for resolutionl oftheiir disease, coillIceion of

Limtitatioil of' tins study inicludedi a numlbeln of' treatiment, or adininistralive delays inl the ptoccssinig nI'

icMpaw ottli ds- l i iiilsuyepillo. fiiwiiILCSS

Ni11 i iUicrlicc(6ais rl c ee(iet
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THE EFFECT OF SPECIAL BOARDS 01 FiLIGIHT SURGEONS ON THE EVOLUTION OF
U. S. NAVAL i"LICIfl' STlANDARDS

K. L, Gallagher, M.D.
L.A. Bowetc, M.D., Ph.D.

Naval Aerospace; and Operationial Medical InstituteA
220 Hovey Road

J'ensacola, FL. 32508-1047 USA

INTRMODUCTION resoit fur aviatalos seekijig Anoatlher lacating iif their case
prioar i,, liana acerauimenadtiaoi.

1T1;4 Ilight surgeti~a is trequiently asked to uatake a
detei iniruptiuia on the "'bluess to ly* of a ii,'e~ahr al t~iL or A Speiawml Boarad of Flilat SrirgcAaais is icqitettiad lay ata
hear squadron (Tattiaaian aticiRal coaaditiains that arc aviato~r'sctiiariiianidiaag office: eiaIifa aaiati

transicant. unlikely to) irigress inth (leapcattniata suipplied Lit the clinical decpaitin iitsat the Naval Aerouspace
rsvironaoen,it and have nao urafiulae Ihaul could eoaIIlci'illise lilt llpcraiiiaalw '.atic.d lti'iitua ýNAN1I) sAnd a

satlety oh flight do taut icault lii thle physical tlisquatifacatiaon rcvoaaiiiiiaeitida tiaa ll the rcinca hi:i licisrazg (lt;e czc. ii thetn
of thle aviator. Ilbcsr littlaic easrai lend (aotaiclors Lu) at iiade Ito Liti c intoiandiiig oierv Ol NAM I. Should tile

promp11t .iivramedieml dis~xsimiiaon and az-c autincly lhaidledo cuantaaadiogialticer dealac, the award is caonveaned and the
lay tile squasatoat light suryetil fliiougla thle issnaince ofi aviatair Iis rodeited to N ANI Liar evsluatioan. A ilalisiialifyiiig

teilapairay gauunidiag tajticca- Paalloiwiaig centilutioa tiiitile coiiditioii cinsidvied lay tlie hatard atust. lIe resoilved air
acute illatess, the aviator eaaa iioaaiesiaaely urtuina to lull sltalle. 'Tie sviiaui ainderpiacs a caniaiprlcaasivc,
ilight status. If Ally Of theseC ~ircrV4Ieisitcs are talt 111t, vaniainaatiion Jut hg the week piklar Lii the hoard lay each

laawcvcr. (Lite tcroninedical dishimAititiii laceiiica, uoitre ci clncalm lates idi epaacnia at N AML mi r ~ ing tlite course ar (lite
plea. Medical conditions thult silay have siguilicatat hotard * the taase is pInceatited said (ilie aviatia lass tilie chancie
%equtilae. acquiire long tertol fahlaiw up' air' (ose that csjaiic lto laresent uAdlitiianal itatilu: italai inl Ili% lbehalf. Thle II~lieu:
chronic aicedieatiaaz are tait ciainlastalcl Wilit existling Naval in ttacti elaascd anid Itl. aivitaai excused. At thisi point, tilie

aviationa oalysical staaidacds. it Ill% aviatairsN euircr is tio lit: eliatical deactiaaiia h lianaiily reso~inaisilalc forl thle case

preserved, a waiv~r aif Ialaysical sftaRtiadids Mutst Lao arraciata A tiariatl 'Glsandi Roundits" typae tit pracaitattiaii witli
ailtained. Thlies ehlslcngitig eases are getn rally lasadledo didactic lecture, pettitriati ealaatidiiiial aizaicriala anld a review

lay the 8411&th1011 Ilightlalo-ngrOat. with 11a1it1 liazait higher aif the titeastut u. liar cane is disicussed, Whial psilicutar
aioedicail a'lalioriticsa. Theost:I ae nc-,iicndatioaas ate CrtaIWiXatilli aaaa ~ai e fiiieial told iiar oliia ltiticalas. 'Ilia
liziwarded to (ilie buareau (if l'etsaaiitc liar fitial actioai. Tule ainciiliers oit the bioardl vote olI ia Innoaaiiaadatiaaais Ilar

fin;; ctnaaatzuaity is (lie lanai Arbiter air statadardit, anad will ciatinutied flight status. '(le iliaditigs of (ilae h'aad are
issue a waiver liar Ilight stiattan ltossad aia ailac nrcan ait (le butaitiurized And daaeaiaacniatd iii a staaidsrd titiaaat. 'hiso
service. loitilat iticlades at aatianitalc; expalainintg the lccaaasintaatdtiaails

air thke boaaard. Thle tnaaid's reeonuitia idatiaa iataae foraasdrde

Sinice 195&. thae U.S. Navy aeiiatales oaatuiity lana t Lithe Bureau iaf liarsaaaaael tiir tiata1 dibINNaiasatiaa
aifticially recaigailed litar aired liar aai a~1 a1iaclt tia evaluate
uviatairs Wilit sigatiteattt litites liar Ihiglat qaaestiaaai (1). lit Several 1nassitale cciiaacitto call result frain it a spcial

1075-. thle Chiefujf Naval Air Traininiig estAtialisolies a oudattlp locieiig. Ail asviatoar looay Ilac rcioaaaaaeaded fiar
reviewitag boady at

1
* specialty tcaiaacd Iliglit suigealins at tile Mcul ti Le tiatrentrirtid Ilight sitatats. Iliti(lie U.S. Navy

Naval Aviatiata Medical Centter- at itenataol , Florlds. clsssilicstinat fir 1ailciat. Ililao is Class 1, Service Grotup 1.
This gtiula lacestite kntown As lie Speciall Board aif [light Thiese aviatiars arc ableI to Ily oily at: craft ial Which they Al e
Surgeoaiza. Ianitially, thle Itatard was taskeld witha serviaig (lie quaiditie. saiad hiachudsc, shiti: ca-allesar aiperstianas. aJiiliiag

aviationta rainaing eaaioaaaaid Aitd evaluated studenat aviatiarL this , san vvist:r ittay tae recoaaiatiwtded liar eitherr Service:
* ~who weai efounad tat lauve p~hysical or eaaaatitaaaail factoas Otoula 2 iar 3. Service; Grinla 2 status Isrilaits atviators toi Ily

Affectihng their traininog. GastualLY. tile atatathiet aOf atay sircraft itt whiahth(lay are qtidilitid, (oat precludes

uittlividuals rfuclicd frantt fleet squadroats itiressed; ocat~taioaz alit aircis ft can lets. H elicoipter (ailiots ii Seivice
cticinely. otay Navy tar Matitie, .iaais aquaalroaa call rcet Gc roupa 2 ainay still, hoawever, thy kall anad ulf au-ca all raricit

aviationa olfeers (piloats, Ilight taflkers. Iliglat aoulgeunis, St'rvice; raiula :a aviatansm call Ity aitily It alnal ciatttiloled
Atiasance. 1i'liysiiilgi~ita. art.ipalrecapriiia sanciall ivitla a Sea vice: (iiiupa I aaa 2 Aviatair at Itac% aithier Net

anyclizlogists) tat a Slaeciial Boaird aif F light Surgcaliaa fairl aof coairails. Naval [light O faicevrsaaaariefaaisir
* c~~~xaatiaauatioaa aitd aeriattedical reataatoatais radar iaatea edt afilierti. celctraaiic catuiterailuasure zafticersi)

stutheittatare eurrenatly aeferred tia Speccial Vaiards. Ali anata aittier uacitew wit lii actual catiatrittlu the aireiasi

iaidelacttdeit taoady ul sataior Ilight surgeonas ansigtaed to (ilie leitlantled Iligit renginaeers, flight IdUaraila 1, aeUs1 aa10cC

bureau oaf Mediciine cati aso)lia i called uata Lia a teinder playsanlogiasta etc. I ate Class 11 jacrsaattaael. Aui aviatoiar tay

ncroaaiedteal uaitaioats in certaita cases. '(ftc Setilar btaard lie cceaaaiatiacladed liar tralitunatay relaaaaval Iciata Flight status,

of Filight Surgeoas cal uoiike wotakitaieadatiaaaa (taut Witlit Aia autinlta fiat reheat evaluatian at tat(le future. F itnally ,
suiwrse~de the rceotiiaaindslionts of thle Special tiaard itt A aauviatat ainay lie a eeaaaiaietadaul liar 1siaenaiiaat graoundinag.

Flighit Stargtatis, auth iia effect eati serve usl tile caaaia tat' lasit

i~esrp'atei at a Aip.sa vaciaait aaaa 1/t' (7iitaial lasit-i fayc Atraaiotei'aii De, Iaishita Mlakiang" Apt il tt¶J4.



"lire natutre of special board cases has becr icvicived eateni raclrisiiJaisi reached iii cachi if tIre 119 eases presented In
aively ina We peaL. Pboceedrings of the early boards were: thre 1rast ten yeais was capjirriod iii detail. No statistical
described in 1958 anid 1960 (1.2). A review of the analyses were attertipted il'. thie data. Thle effect of sex arid
pisychiatry Spocial Mirards wins p~rcscsenlW ir 1967 (3). race on board ouitcorue were euos~idered, however, there
Ilire first comprehensive review (4,5) wall published iii vere only Lw.) Isiralca said few orijinrities Jirirng Lire tunie
1972, aud exarniac ie.tth first 13 years of the special board tcainu vorisiderri riegaling any statistical sigarrlieaoce.

lrrograiit. A total of 720 ;aresentlstirins for 580 Acalgnated
aviamoss were evaluateid over thsliape-ried Seitile aviators RESULTS
were evaluated oir alure thain rone riecaslio. The total
nrairbcr of licarisrgs was used as the aiknoauninatrrr, as carla 01 l'hý 119 cases, 105 were reicd our naval aviaturir. Ninie
li~aritig had Wec potenirls for a ailt ereir reerisrireidaiaitt aviators (11.1%) werc fouird to tae phaysically qualilicd liar
aird oritcovitr. Of die 120 eases 283 (39.3%) received a duties invarlving flight. The rcraiaiaiiaag 96 were, liarid not
,r"uonrretdmatiuri htr rAfurar to Setvice Grout, I. A Service I'rhynvlraly apialilied, btra waivei were reeruarCarided liar all
Group 2 rcwonaaiindation resulted in 43 eases ((0.0%, sird at but 24 (26.7%),O tic th08 avisirira whon had wavers
Service orruji 3 roarsertio n i 173 (24.016).
Twettty-eigls aviators (3.9%) were! tenilmsaririly grrairileal,
sarid 179 (214.9%) were pcniuaraiitly grouaded. Taile 1. StI'S l1lagsasua
Cardiovascular causest were tlear ainust erniarloin mavasin Irar
rei'rarl to thre board, sccoiuniting fit 42% Of a:4hc. 1. MssaeIeiahsI

2. L1s0 rrsiisioaSacii i

Alaoiorixinaa was Air urrersaiarrar alrj,,uiasr, acconiiriiag liar 3. V'.lrsd Headl tiajay 7

only eight. of tIre eases lheardh before a sj~wltl 1iir"l M~ 4. CcaotrrovssUlsar Tavcaiderim
this gros1', lice 412.596) weac lwriinarrrniy girisarded. 6 Uslijtarsaiy
Lilevuar cases oft ralgashare headachec wici il'resairted tachuic 7 . Sdlsuira 4
slrr-eisl briard. Noine if tlrese aviators were pcrnancarreily 4. Spiaw nsrl lijiar plw 4
grroundd W, arid all were ictrarire to flighrt atatir a ai either 9). Vartljo/LUtsqiililra aja 4
Service Ururup 1 , 2 air 3. li0. I eitalorloWI'rrlari

I I Adhiisanrrt- tisaJirua 3

Tile special lirasld 1i ircess was againi icleviwcd in lYXHr (6a). 1 2. Aaraisaisttailuirt 3

SIiia piurblieationi cxaaatiared the, eases (rorri 1974 t, vY83 . 1i. l 1rira .iir.i.r.iard tIiciay Viru.i3

Sncdata were unavailable at Lirete fiac rof rtbicatiaara i14. Airhumlalsiir/sic 31
Sairne %. Caiariaaitt Armvy Liltss 3

lrcatcc iorly 85% (0i-248) iaf thle Ivatearial asaca wear Ili. (4,at, Noaai.rslyi/Nsraitiri .1
saralyzedl. lIt eorttahst Loa lire earlier study grvuntj, narriologic 17 larlsirurorr y tiawl Diseaw3
diagnoses aecouaitd liaor tirie gr eales irurilierii ai icluian si, I, it r s-aaiatlv l3-Jnoia.ie
crraijrisiiag 24.0Y. oF the Wicait ch eaeheard. Isyclaistiv i I U. teA Nrrlioaihaarsiy2
aliagririsca were thre rext largest sslagriupa, rrarraifnirig 201. taiaw4 Itvairirv wihrl Lens ln~ar1

1
s

2 1. 1% ofh l fiareerrals. tardainvaseulac cases virerr lliral 21. ('daurl NerrirnisSysicia tiilegihiia 2
with 14.9% of the referrals. The fewiatirsirg cases wiere 22 ROWctlc I'syelaeis
relatively evenly divided lictwceea ftiaalalialairoirgy, 23. Macal, hictarc'Qfisalrar
rrtoirloairiliynrgiilegy, grrcallAJ ailer ial riarvieiric link 24. Prlianaraway Alveol!ar PaoreiararahI

rirtiroirdiesu. 'The autlrots coniracded tirat advarician 5. 25. Cgl. S-1irArs

was eraralarcal withisrranciaiai lirairiC aetrictivC 27. Uira.9.asI
flighat status. Simtillarly , younrger aviatiirs weae retua ried it) 2 t Ssacridrris
ciii etricted flighrt status rllirre oftern thrart aolder sivialairs bu 2a Y. i'ienrr'Iaarrri
thuse rabservalhirars were piroblably sir arrilfacit of airior Jil. CatsdhrrrryaqiaahryI
Navy tvaliey. Beflore 19811, a pilot1 was aulorniatlually 3tl. Jirla t"uisuarI

placedJ inrto Service Urrrup)3ritaan recledig 45 ycau o 32. W i'irni I

was itiloree, tlrerchy rnaakiag it iniaajarsbhe ftr reeaaaienrtrd 34 Wi.aruitarjnssial Iliara ilrarlrI

aoytlisrg; oilier than Service Uiarup 3 for tire heralor aviators lb. wurviral Oyteý1darts ev.

seia lilrefar a Special Borardl. Utorlajaohan yaagarhgie atnd 37.txrilsaarctrr~
irtlithialiinoaogic releeral disgirascs were hess likely toa tie iiH. tCsiairlla I1 -o Iersiia
retained hat light atatas. Neuorrlogie said pryhliartile 3r5 t~iraliUaraI
diagrirrls were asoar lcvs likely 11 ic Ire t11- 10o ail . 11u Ihiglijt 410 Dtlssaclsrvc Syriaiirria
siates. 41. Asitrna 1

42. Wiet lliata~sniiahI

METHODIIS 43. tlaralai~riet ticrarrraitriryrlciali hil'arjais
44. Agrrajta..irlaI

All sliccial hoard eases lirescartedJ at 1AM I Irrarra Jaritiaty 4.5. Painraw Adwuaral Irassalilew Iun

1984 critil 3I lUeiciaibcr lig3~ were reviewed. There were 46. tHill Aasthiauinitsy1
11 leilboard "ease uinvolvinig 116b individuals. Th~ree 48 l,ý t.sra~rslrrai -Iaas (Icaiaa

inidividuials appecared brefore the biarada ran two seplarate 49. LDivsrkificriris
occasiuois. Pertiiaeat deaatugrasllhic data were eiatered irstor a Wn lektrrrrsiucetioCs cgery (. at1 rHoIand
coanahuterized database; jargisial (dahlsa Ill, Aslrtonri'ate 5t taraftjiiriar aiiag.asW.etuhraig Irslglar1 Ia
1n Ifor trend caaalysis. Thle rationale for the acroinedical 52. Wegeataar (tnAiahir.rilarsl
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*rw~orrrnerrdcd, twetly eight (26.7%) asviators were returnred Nephrology 2 1.7
to Service Group 1 duties, tenl (9.5%) were rczrorned to literratology 2 1.7
Service Group 2 duties and 30 (28.6%) were returned to Derniualology 1 0.t

Sermic Group 3 status. Of the class 11 individuals Waiver lindoerirsology 1 0.8
of' flight standards was reeuourorseded ini 12 (85,7%) and ito
waiver ini 2 (14.3%). The diaigrirrca evaluated by the Total 119 100
hoard Are suotmariscd is table 1.

Neurorlogic diagnoses accounted Flor 52 of the 119 spcecial
Tlie 0f11.t of age ,11 waiv,-t outcllont is suittoitirized hoar md easecs (43.7%). Migraine hecadachec was tte muost
table 2. Theire does not Appear to he anl effect of frespreru reason for referral overall, And resulted in I I of the
sdvancinrg age' decreasing the likelihotod of waiver. There 52 renrologiri canes 121.2%) referred tit speocial board.
insatill a tenidency to cecomsirnend A waiver to Service Girtnr1  Initereatingly, thre iseroniriedil disluiosilioa of mnigraineora
Ill in avistuor over th0c age of. 40 seen by the special board did not vary between Que earliest

_____________________________________________________ seies and flre litCetit serit:n.

'habk- 2. Waiver Status try Age i6iirll DISCUSSION

Age Waiver Waiver Not Service Groupl No eases of steolirilisur were e~valuated tbetfrre apecuil broads
Reconjuirended heeooncndendci 1 2 3 fon 1984 1993. 'This refleets .. L.taiddiiAtiooi ofl ue

waiver lirecess fill thin coinditioin. Alr'oboliuir hin reridasiori
20-24 2 (W6%) 1 (34%a) 1 1 in currently covered by a Biureau of Medicine instructiont
25-29 14 (M6%) I I (44%) 8 I 4~ that details" eorrditioris that irrost lie loet ircftrre a waiver
30-34 19 (73%6 7 127%9) It 2 5 reeorinrr,riaedItiorr will he nitde . aridl tire follow ott c-are
35-39 25 (93%) 2 1 7%j H 5 7 necss ryfr tIre wriivci lo) lie continired. Thesec eases are
40-44 I5 (79%) 4 (21 %) 4 8 nrow huridled at fire level of thre squindroo flighit snurgeon
4049 81 (H0%.) 2 (20%) 3 1 4 nuder tire distvisitior guidcliires delirneated iii thre iositrotion.
50-f I (50%) t (50%) 1

1Casles of airiul frblrilluontri/tlurllcr were' oicc routinely ic-aid
'hjw avid ri n k 11, riot sciito elfiwl tio,rd rruteoiue. refore lpecial hirardm lIi this ecaw. thre Hireelal broard
Ulce1't for thre rank ol 3-2 * tile irajority of sviatioin prorccedings have hail thre diex rr e;vnisig tprlicy.
received a waiver- teglardlesri ifl.ranik. Thin data is tiaidelioreu tor tlire evalunttior arid ad ill (1itrervatirri of
anruririariLed ini tabrle 3. pautieirts with alir l dyarlrythlrirri grew out r f speccial trirardl

1reeraini.These eerorrrnrrrdatikoir were uairdardiied ott

NAMI Arid npprrived by tire Bturearu if Medicine, Tire eod
'Table 3. Waiver Status by Rarik result iii that atrirrl dyunrylfirriis is hanadled try tlre aipiadrnii

flight utnrlreAri aird tile irtriatcna urrotivirr dqluitrlocirt At

Rtank Waivedl Not waived NAMI. Thre rcsprireuirir foir ttile ivirrtur tir alppear beficre a
0-I 2 )~% 1 (34%'/) special braid Iran bieni elirrruiteri in thre vast irrajuiR iy of
U-2 4 (4.4%) 5 (561ti1) css
0-3 28 (701%) 12 (10%)
0-4 2@ (8')%) 3 (1t %4) 'Tle dislcnsilirri if suurneit r eiulair t1C~yirfipsdi (S VIIL burn
0 -, 19 (79%) 5 121 %.l iridergour ainifiienrt revis~it.) sincve tire triurd's irreelitiri.
0I o 7 (78%) 2 (22%) Pr or tic tire I YSt'u there was iii ue'I n cr ireically amur opuriiitr
07 I rirerra trr treat uyriptrvrrrtic SV'T' Long teriri

ondm ý phlrrsrrr iiacrtteriy wasl virruceeprirkil' fiir tight status, rrrd

' lire trends irt tire diagisirstie estegriry oif eaises r chicrd hrc surgical ire direct erir ren (IlL btratirrr prced tire risk .f

also etisiged. h
t
rxoo 193)- 1973, cardiology esarra sigriftieanrt side et"tilet. Witir tie irdverrt .4' idiorrfcqrreicy

* ceourrwd for the ;cririrary i ci ral diagrnosis. roirir 1974 (lIt) cathecter atrhnitiucr couplied with electriiprlysirili gie study

1483, creuroligie diagnorrrs %cre tire Jrrurinry r eherring (LIMS) rirnripiirg irf tire cardiac eronduetiirr systemur thre

* diagnosis. Ttnis irend erirtirnued iii thle pi w-rirt rerienaid wit' , os~ribllity existsi lice tire relatively atrauoristie cire irf tire

aiurrinarrt inl woreý 4. ouiderlyling cionditioni. CJlic ease crf Coitreror rblutiorm cf an r

aeccasriry eonductioin pcurirwuy has icceir heard Iceftore t~re

anmýspecial tirard, with tIre r eeriirrtricidntircr that flit% avistrir Ire

* ~~Table~ 4. Diagricrtic t'ate'grries returnred In iliglrt. xausr 'lliri cesac tins alcrr prncririted a
review if tre' existing serrcrrrcieadl polity crgurdiug tlir!

Nrri;lrer Percent abrlatiorn of atrerrarit eroritietici pathiwnys. New

*Neurolog~y 52 43.7 rceeouirirrrdatirrui have bccir- Ide it tire Idorean olf Mi-diCirre

Cardiology tO 13.4 eugardirrg tire use rrf this I. qure ini aviatrors will)

Psychiatry 14 11.8 syrnptorirrwtic SVi

O~triahihoy8 hs.7
Gastroenster-ology 54.2 'tire iriercsod sili,.rliirr orf advarreed tectirrolrgy has diretly

Irulrriottary 5 4.2 inriacted tire caesac ea trd befoe speccial huirads. lit rrne ease

Orthopedics 5 4.2 of a ti ~iriserr isicreriric sltack, irragrietie I esnI'irrrco irriaginig

Oncology 5 4.2 of tlire brain drrcurrrrreld a srrrsll lesitnr ii thre caudater area of

hIFrletiouts Disease 3 2.5 thre cerebral cortex huunt was rot seeni un cillrurr iroutirre (rr
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contrast enhanced CT scalls of the head. The location of The effect of the aviation environmient on Lthe dinqaiifyiing
Lthe infarct was entirely consistent with; the aviator's condition was explored. The individual inost be- able to
symuptomns. Color flow Doppler cehocardingraphy coupleld adapt to the aviation eaavirenniten, especially the muilitary
with bubble contiast echoeardiography doeraninted ltie flight environhoent. Thie effect of Gl forces ois cardiac
presence of an aitrial septsl aneurysm and associalted sittal arrlayllnnias is a well known fact. The effect of oxy-
aeptal defect in this aviator. Following repair of thle gen/hypoxia on the; lausnerOUS Iin~uonary cases was
cardiac abnormality, the aviator was seen before a special considered and if a waiver was granted, the aircraft was
board. The discussion in this cane centered no the often specified So that the1 aviator would not be expiosed to

1sotcrital for the old area of isehentia to serv as a foess ranges of oxygen tension. In patients, with tneurologir or
for epilepic1 Activity, anid the conseqcareces of the cardiac orthopedic deficits rtie forces of ejection were of primec
repsir in the opecrational enviriitnsenit. Onice it was ijorportanICe. Will the urvator still lao able to safely egfretss
dewrerrineet that the infarct area was not likely tot serve as front a disabled sircraft?

an epileptogenie focus, and no, cardiac, coasplications couild
be demionstratted by repeaL hobble contrast Tile tresarareot required for lthe liatiesit's meodics] condition
"euclnardiography aitd serial Holter noniitoring, t1CAile vitor nlust lie; readily available. Naval aviators arc deployed
received a rcvoinsoendation for return tot flighrt atataus. throiglvout the; world. otten is hinsaile environmoents. For

certain dispsv~nes considereud Isy the board, there was a need
The aationale used by die board to recoisaoaaed or not for spec;ial treatuterit or rare. Csll the condition be ellen-

recorrianend a wajVive Wasl anslyics. Numerous icreervoti tively tiested said careud for iii tile operational enviroonenfln
themeis said criteria weze, noted. Thre lisciors emuaidired Is there adequate airedical care ma areas of depiloyrtiest arid
trod used as a Ianls for ltie aerosoedlecal decision nialialn dcpiluyitacst tilatforias' The poisuibility of capature ofthte

p~ri~mes were aaaalyzed said suniantarized i. ritelitfllowing aviator was conasidcred; would helie stiale to Hrimvive if rap-
is lagrapll. tuired. is there a neixlbfr art unaitterr-spted sutpply of ainedics-

tioti? lit sany ainedical conaditiions requiring a airediestion, rthe
The nataural history of the disease, long tci is survival, sAit safety profile of thec ailedientlits said arediestiort aide effect

duration of syarpiotat free isitervsl were pririnary tltetirs ptrofile were carefuilly s4crittlimicei.
conasideredl. Risk oft future disease recaireciace atid
lirtdislpsmitiOaa ro develop oilier 1mrobleniai (epilelisy At tiatic, the board utilized a statistical alpitim uisrto resoive

lbollnwiitg cerebral trauzara or cardiac arrlayttrttaiau fllmowinag conaplex cases. Dceisiiit tiakiag said risk assesatmacait ;tinci-
cardiac disease) were iniarltalat criteria. Does tlie pait pltes were nscd. 'They crsaplrmyed decision sanalysis techniquesi
coarse o (ifte disease predWict lie future course of the; din usinag deciaisionatnalysis attudels said probiability airodels for
casce 'flas factor was coasaidered it t pa tienrt with Crittais l'redlietiot. What it. lte rivals likely aecatamli versus tire
disease atn] several nreurologic eases, auaild fonuai if dsae worst case seetrariut Tire lizad exiaraitied Lthe relative risks
wilth a~iniaaaal syatiptoatas were irediced to stay that way. anrd teretita: rthe rinkL of adverse itiapact noi safety. anad of,
Witt ainjurics, eapeceially tsesroiogic said osihlto~di injuiry a~itinsit eouilprutaisr~. Thin aipp;uiacli to sciomaresical decisioat
rtie predisposition fttr recurren't itajury sand kegec oit ttnakiig wax presritel recently lit sat article bry J13 Clark.7)
residual iaarpainraent was iaaalurtuat.,

Camses if scatnir aviators wiht sigatifearat. rardival contdititnsa
A uajr conacernwaxvs wlhcttirr (lite disease pnrocess 1anvcd were often dillfcli :timcaes liar the Hoard Lto delilterate. The
any risk or twatentitil tirne suddea it flight. 41caliticiataionlr(it issues of career pivscnstiitr, conaservationt if lautiraa ne-
rtse possibiility for itnc~apaitationt in A ha/aiduts situationi. sos; cci, aird cockpit resiiuree lnaasaragetant were cotasidered
Alsii, is there sany risk for subtite iiicapacitatiotr whicth sard contrasted with lthe expreredJ evolutiinu of thre seunitor
aulght nLir tie detcteiad by dIte individual hut Would a Torlic i hN offiecr front a litre pilot ito otittafisrrtator arid testelter.
tateamitl judgenitint sAid physical Atbilities to contrtoln the
aircraft. These factatra were itmapirtarat lii a whole array nof
neuarologic, eardiologic said eniduacrnie diaea'e states CONCLUSIONS
cronislecrcal.

Sinice thtein intceptiiin, Splecial Boards of Flighrt Suirgeosan
Aeroarteical safety was a renaccitta tactire. What is the rave unrdergtnre sigraificatit traansformrationa in both; tire
laripact of rthe disqualifying defect tart aviation safey? 'flac nisitilr aird nratare if eases evalests-s. 'The nusiber of cases
safety of the crew us well as that of Lthe patienit were mai decreased sinces tire btoard began pirovidiing aeartttLesael
cotisidere. Tire effects in eouirnruticatioa atid air crew dispsositionas. lit rite firsr year of ope'ratiion, rthe Special
coomdiustioit were etinsidered. Board evaluated I I desigiastild aviators, atdri reached a lieak

of71 evslustiuiiai lin 1962.
Withi riilitany avistiont, thre hoard tneeded tit lie cognitiatt ofi
whether lite disease process would Affect o-,icratitital cltix- While they are tot ianterded as a polticy settintg iatstarrrrseiat,
tiveates said tarissiois enoapltetoar. The paticait naust reanaita aoitat rulings rave hafd Lthe effect of revisinag aerourasdicat
as a readily deistoyable asset. Easch sireralhsirerslt policy. Spercial Board opinionis rave lbeei used as calls for
tirission tad to be considered. Tire effect of tie disease thre review of existing serititre calsn policy regtrdliag sotiac
state on excerise tU)isratree. fatigue, sand circadiata rltytlaias coarditionis. lit staitr cases iarlicy changes have resulted
was takean iurto aeccunuat. This was thre ptritary wheat all availabite evidence was reviewed alird preacattesh to
disqualifying rationale in pennuantiaty grounding a soisech NAMI said tire Bureau uf Medicinec. Wieat enacted by tile

jet aviator with Addison'& disease (priniary adrearal Chief of Naval Olsctatiions, these policy changes have
insuffjicicy). genterally Irad thre effect. of liberaliz~ing phrysical atandards.

Ttlei lilteralizutioan hat caislcld the squadrons flighrt surgcoit to

. .... .... ......-
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provide mal seromnedleal dispouitiona without re~ferrinag the
individual to a Special Board.

The patient population ret irred to the Board has alho
dramatically changed. Several factor, ar- no doubt
responsible for the shift in referral pattern. Student Naval
aviiators are rarely referred to Special Board, irow', but
comprised a significant. fraction offthe cases seen inl the
past. Tliia change only reflect a greater tendency by (ire
line, conhlunity to remoive ,tiideiiti froam trainainig, or amay
reflect the itaprozed selection of flight training ehandidatcs.

Thre ease# seen by the hoard are now incireasingly complex,
reflecting implroved diaignostiC techniiqnea, and changes ill
tliersai!utic modalities. By (lie time a medical probillemi of nt
naval aviator reacies a Special Board at Flight Surgeos.s
(ire board is iintimnately aware arf die avimator, his aircraft
and lila diaeaae, state. A truly unique and individnalized
approach in taken, ofler with specifically delineated waiver
requirements. Thre board is always cognizant (list it%
wexomniaaadationm asiiy have liar reachiiig impacts.
SlAdards iii geiteral arc applied mucha mare strictly tar (tic
aviation ia plicant thsar Lucy arc to tie Already designtated
aviatar. '('lie hoard reslios lhast saome squadroan mesalacrh
have truly uaaiqlue capahailifi':s said extre care. Ini tla (i'aia
aaaalys is (ire riaie of(tie boaard is tii pr-~crc's the lie41 paai-sihte
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FIT TO FLY. ANALYSIS OF THE AEROMEDICAL DISPOSITION IN
AIRCNEWH&MBERS OF THS SPANISH ARMED FORCE.S.
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Miles, Mal. Juan J. Cantbn, Capt. Vicente Velamazan and Maj.

Jos6 B. del Valle.

C.I.M.A. Arturo Soria 82. 28027 Madrid. SPAIN

INTRODUCTION improved or worsened o ar the
time interval since the last

Medical fitness is an periodic check up (2).
essential pact of air safety. objective evaluation of
Aircrews undergo their experience in the aeromedical
regular mnedical review to disposition and approach to
ensure their physical and various medical conditions of
mental statuls will enable pilots will enable the
them to carry out their on- application of more effective
board functions in both m e d i c a 1 treatment,
normal and exceptional rehabilitation a n d
circumstances. consequently an improved
Medical screening during the waiver policy (3,4).
selection process followed by feusden et al (5) in - review
contiinued medical vigilance of 2.697 pilots ft a 0.77
over thL health of aircrews % of aircrew tu have an
has been the major operational flying
contributor to air safety by restriction in any given
reducing the risk of year. They discussed the most
potential incapacitation common diagnoses and how
during flyiny duty. refinements introduced over
Because preexisting disease the past 5 years should help
has been described as a further reduce the incidence
contributor to aircraft of these problems in
IIII shaps (1), military experienced aircrew.
aviators undergo detailed The decision whether to let a
initical flying physical pilot fly again is always a
examinations designed to find difficult one, especially
those with physical defects since the airman involved is
or oisabilitieo that could usually very keen to return
potentially compromise flying to duty and will do his
safety. Another major utmost to convince those who
objective of the physical make these decisions that he
examination i s t o is capable of flying. Flight
periodically reevaluate surgeons have the
conditions already known to responsibility to confirm
the pilot and flight surgeon tnis capability prior to
which may or may not have putting a pilot back in the
required the granting of a cockpit. Equally important is
waiver previously, as there the requirement that a
are m-any medical problems or sufficiently able pilot who
conditions which are not has either recovered or been
static but may become fully rehabilitated not be

I',n.'red .a •..'qni,.unh ,,,, 'T11' Clinteal Ra.i for Aet woc'dical lfetlsuns Makiig'. April 1994.
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held from returning to flying Diagnoses were grouped by
duty. As aviation safety is major dinease categories:
paramount in aeromedical
disposition, only a complete 1. Oohtalmoi.ov.
evaluation and detailed
follow-up can be used in - Refractive errors
determining the aviator's - Color vision disorders
ability or disability (6). - Tropia (strabismus)
The literature regarding the
return of injured military 2. m
aviators to active duty is
scarce (7), although the - Hearing loss
ocurrence of preexisting - Sinusitis
disease in aircrew and - Tumor
conditions for which medical
waivers cannot be granted, 3 . Nuropsyc_biat ric
thus resulting in permanent disorders.
disqualification from flying
duties, has been reviewed - Personality disorder
(2,8,9,10). - Depressive behaviour

- Migraine
The purpose of this study - Seizure disorder
was:

4. Cardiovascular diseases.
1. To review the acromedical
disposition of Spanish - Coronary artery disease
military personnel through - Hypertension
the first half of 1993 and - Arrythmia
identify the major reasons - Mitral valve prolapse
for permanent or temporary
disqualification. 5. L_.]_bratory findings,

2. To determine the incidence - Hypercholesteroleinia
of various medical causes for - Hyperglycemia
permanent or restricted - Liver enzyme elevation
status. - Metabolic disorders

- Drugs
3. To determine the incidence
and reasons for restrictions 6. NiaeiUAneq//sis
or temporary disqualification
among aviators who, after - Medication/Drugs
appropiate follow-up were - Degenerative spinal disease
returned to flying duties. - Limb fracture/Complications

- Positive HIV
- Asthma

MATERIAL AND METHODS - Alcohol abuse
- Ulcerative colitis

we reviewed the records of - Head injury
all the Spanish Armed Forces - Shoulder instability
(SAF) aircrews who underwent - Pneurnothorax
their physical exam in the - Viral hepatitis
SAF Institute of Aviation - Headache
Medicine (CIMA) during a six - Tumor
month period. The primary - Others
diagnosis initiating the
flying dispositions and the
recommended waivers were Regulation regarding category
extracted. system allows the following

T.



flying restrictions, permanent disqualification
are visual problems related

a. Restriction: to colour vision or lack of
Limitation to a certain adequate visual acuity,
flying duty or for a certain accounting for 0.45% of total
period of time. examinees. We found only one

case of refractive problems
b . T e m p o r a r y who was initially temporarily
disqualification: disqualified but finally
Potential return to flying permanently grounded.
duties (either to restricted Permanent disqualification
or unrestricted status). due to visual problems in the

follow-up period of 6 months
We f o 1 1 owe d t h o s e accounted for 0.52% of total
aircrewmembers who were not examinees. There was no
permanently disqualified for change in the number of
a period of six months. airmen who were permitted to
Statistical analysis of data fly with some restrictions
was made utilizing data base due to visual difficulties
p r o v i d e d b y C I M A accounting for 3 out of the
computarized system. total examined (0.16%).

Auditory disease produced
RESULTS some changes in status as

compared to i nit ial
Of the 1769 physical exams disposition. Three cases
201 (first exam) or 139 (0.16%) were permanently
(follow-up) of the total were disqualified due to hearing
found to have resulted in loss after the first exam.
some type of aeromedical Another 2 examinees were
disposition. placed on restricted duty

status and remained so after
Table I and 11 present the 6 months. 27 airmen were
complete 1 i s t o0f temporarily disqualified.
disqualifying medical After the 6 month follow-up
conditions found and provides period 2 of the 27 were
the basic data for permanent]y grounded,
discussion. bringing the total number of
In order to facilitate future permanent disqualitications
comparison of our data with to 5 (0.28%). 6 others were
that reported by other deemed fit to fly and
authors representing other returned to full unrestricted
NATO countries as well as duty while the remaining 39
with public health statistics flyers in this group continue
regarding the wider to be maintained on
populations of Spain, temporarily disqualified
European Union etc., we have status.
calculated both the relative
percentages of affected Neuropsychiatric diagnoses
personnel with regards to the problems also resulted in an
total number of examinees and increased number of flyers
also as it related to the permanently grounded compared
subpopulation of those airmen to the initial action. Two
who required disposition of (0.11%) of the examinees were
some type. Both percentages grounded after initial
are listed on Table II. examination. Two more

* (bringing the total to 0.22%
The major reasons for of all examined) were also

Li
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eventually permanently remaining on dysqualified
disoualified after follow-up status. The other lb were
evaluation. These two returned to full duty. This
additional cases were due to means that a total of 39
depressive behaviour and airmen (2.20%) graduated to
depressive neurosis. The same unrestrieted status oil the
number of examinees basis of improved lab
representing another 0.22% of results, no doubt secondary
all aircrew who were to appropiatt dietary and
evaluated, were deemed life style changes made by
qualified to fly with these aircrew members in the
restrictions. This remained interim.
unchanged after follow-up.
The 17 who initially received Miscellanel.ous reasons for
temporary disqualifications, aeromudical disposition
(0.96% of total) where ncluded a variety of problems
reduced to 11 (0.62%) upon such as medication not
latel follow up. compatible with tlyinq
Four were returned to duties, degenerative spinal
unrestricted flying duty disease, limb tracture,
while two represented those presence of HIV antibody,
aircrew members mentioned asthma, alcohol abuse,
above who were eventually ulcerative colitis, head
peimanently grou, ided. injury, shoulder ins tability,

pneumothurax, viral. hepatitis
There were no changes in and headache.
disposition of flyers with 17 (0.96%) of examinees were
cardiovascular disorders placed on restricted stat-ius
during the time interval due to one of those various
between the initial and problems at the time oi
follow up examinations, initial exam. 14 (0.79%) were
Actions due to these problems mantained on restricted
led to 2 (0.11%) being status after 6 months of
permanently grounded, 7 follow-up evaluat ion.
(0.39%) made tit to fly with These miscellaneous problems
restrictions and 2 (0.11%) also resulted in 20 (1.13%)
temporarily disqualified. b e i n g t e mI p a r a r i I y

disqualified initially. This
Laboratory findings requiring was reduced to 11 (0.b2%)
aeromedical disposition were during the ensuing 6 months
r e 1 a t e d t o with the others returned to
hypercholesterolemia and unrestricted flying duty.
elevated fasting plasma
glucose in the range of 110- Analysis of our data as it
140 miligrams/di. with normal relates to the total
g I y c o h e III o g I o b i a population evaluated shlnws
(nondiabetic). The 65 flyers that after the initi..1
(3.67% of all examinceis) who scruc_?ning and st.lection•
were granted qualified flying process 16 (0.90% of all
status with restrictions examined flyers) were
after initial evaluation were permanently grounded. Another
reduced to 41 individuals 87 (4.91%) experienced a
(2.31%) after follow-up. The period of temporary
16 (0.90%) who were initially disqualification based on the
disqualified showed the initial exam. Finally, 98
greatest relative relative (5. 53%) aircrewmembers
improvement in status with received a waiver restricting
only I flyer (0.05%) their duties, after their

-_ -_ -~ -------- - --------------- ----
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initial evaluation. methods that attempt to
A follow-up of all the prevent problgns before they
aviators for a period of 6 occur. This and subsequent
months showed that S more close follow-up of any
cases (0.22%) were added to problem that iL identified
the 0.90% of those should provide the tools that
permanently disqualified. All most likely be successful in
five of these flyers had been allowing a military aviator
initially placed on temporary to fly again whenever
disqualified status. On a possible (5,b).
positive note, however, 61 T h i s m e t h o d a I o g i c
airmeln (3.44% of all identilfication of specific
examinees) who had initially problems or potential disease
been placed on restricted and subsequent reuponoe to
duty status or had been appropiate managm, lunt and
tempok'arily disqualified were folowup provided the majority
found "fit to fly" and of data in our review.
returned to full unrestricted
duty. This left 48 (2.71%) With regnrda to aeromedical
aircrew remaining temporarily di.:positiou due to
disqualified while 71 othevs ophta].mologic diagnoses no
(4.01%) wcre allow,ýd to improvement in the number ot
participate in restricted flyers affected was noted
flying duties. during the b month period

between the initial
(,valuation and follow-up.

DTSCUSSION This can be atributed to the
irreversible nature ot almost

A primary goal when all eyc disorders othc,. than
addressing an aeromedical trauma.
problem is to maximize
operational satety by taking As mentioned earlier, b
inato account the individual aircxewmembere o1 32 who
circumstances of each received some itype ol initial
aviator. r e s t r i c t i o n o r
Medical evaluation of aircrew disqualification due to ENT
is designed to ensure mission problenms were later found
completion by providing eic "fit to fly". Those aviator!
the maintenance of the who eventually recovered and
pilot's hea I th and returned to flying duties
recognizing any condition represented mild or
that might present a hazard reversible hearing loss or
to flight safety. self limited intlamiatory
The military aviator, having diveases. Whitf.on, in his
completed a long and review of USA1. flyers,
expensive flight training described a large number of
program, represents a patients with allergic
significant investment tor rhinitia (9). We found no
any nation's military. This cases, probably due to
may result in the flight selection procedures
surgeon being pressured not (disqualified in previous
to ground a highly qualified screening exam).
aviator when a problem is
detected. These difficulties Neuropsychiatric disorders
are minimized by strict affected 23 aviators (1.30%
adherence to an aeromedical of all airmen who were
disposition system evaluated). A follow-up of
enphasizing the use of these personnel showed that

V.1*
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only 4 piloLs (0.22%) average figures similar to
recovered completely, all of those described in previous
whom exhibited transient studies in other Air Forces
depressive behavior. This (3). However a positive
left us with a final rate of finding in our study was the
1.07% of all aircrew members illustration of a meaningful
evaluated, having their decrease in aircrew members
flying duty affected in disqualified over the 6 month
someway by neuropsychiatric period eL iollow-up as 12
illness. aviators (0.b8%) trom this
Cardiovascular disease group recovered arid were
accountud fox 11 pilots returned to full unrestricted
affected (0.62% of all flying dutius. Those were
examined), figures, smaller individuals that one would
than that reported in the expect to recover based on
literature (5,9). llowever the the often self limited nature
studies cited looked at the of the underlying disease
&u4bpopulation Of airCrew who processes that made up this
had been permanently grounded "catch all" category,
while our data includes the including orthopedic
additional subgroups of those problems, prinunothor ax,
eIther tempurarily substance abuse, liver
disqualified or on restricted disease and headache.
[lying status. As
cardiovascular disease is Classic disease risk factors
generally an irreversible, which are muost applicable to
progresively worsening tle military aviator include
process, it almost always lipid profile, smoking and
results in permanent regular exercise. The primary
disqualit cation and preventiun oW curonary hearl.
therefore would represent disease is a widely discussed
higher percentage in the topic in the medica 1
permanently grounded group literature, especially in the
than in the broader group ot area of appropiate lipid
all airman atfected by proLile management (4). Thus,
medical action. Still, a its shuld nut be surprising
separate analysis ot that laboratory abnormalities
cardiovascular disease tound were shown to be the major
,nat, in the 6 month period reason for temporary
studied, it accounted for disqualification or
only 12.5% of all Spanish restriction aotecting 81
flyers who were permanently examinees (4.!7% of total).
grounded. This compared to This group contained the
42% and 30% described in highest number of affected
Canadian and U~ st Ud ieaF a.i rmaen- who e Vet Itu all1y
respectively (5,9). This returned to flying duties.
difference most likely 80% of the abnormal lab
reflects the generally higher findings were related to
prevalence of CV disease in metabolic disorders, the
North Ainerican populations majority ot these abnormal
than seen in Spain, as well a lipid profiles. Actual policy
methodologic difference in in our Institute is to
the studies themselves carefull.y interview each
(primarily the time span aviator who presents coronary
looked out). heart disease risk factors or

any other metabolic
Miscellaneous aeromedical abnormality included in the
problems showed, on the requlir biochemestry Iah

... ........... .



acc~orinlished during the succ~esuc were in those
periodical phy!sical exam. Cde.1 S i withl cithel. selL
All the categories at inedical limited procez;8es (such aL;
problems resulting in a orthopedi~c problems and
ohanqu oL ilying stat~us, the simple iaiilaiiiaiatozy discu-'ýO)
results ot inte~rventional or with disorders directly
ettorts in those attected by related to dietL or lite -:tylc
mietabolic derrangunientu wer-e (Subst-ance abuse including
must promising, as almost alcohol, hyperl~ipitdemia,
halt it those t:lyerL; tr an s ie nt depression,
reStriCLVed QL YIroun1ded Welre hllyjrt.ens ion) . Thiii Clt.aLly
eventually returned to ditty. illust~rate~s the importance oi
The current acrotridica I ,w:ivo intervention and close
litoraLure Ias emphasized the tullow-up by dUrznediUAl
undertaking ot Preventive personnel in theve aitected
ineasuresv regarding r iskI aviatoru and Urges the
lactorsý thekL could lead to Qult'inued doev lopimen L ut
disease that might Jeopardize speciLic programns targeted at
i uture flyingq activitieb the diueatuse $ tte- that are
(1,4, 'L,,7,8~,10) . Elu ly ljvLh the iluo,(- cuzinmozily iuulld

identification And active anld mizost amonlabl v to tile
* intervention in the disevase treatment rundered by Lthe

process also Play auaje ul 1V 11 High L Luxuiguuz.
* in decreisinq lossues, due t-o Ontly anl active ptogram -such

ajlcohiol abuue, obesiity, and as; thzi-; canl assure! tile
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FIRST EXAM
__Disposition

Permanelitly Restricted Tempowarity

Grounded Dysqualified Fit

OPHT8LMQL.OGY

Refractive arrorts 2 5

Color Vision 5 3

Tropi. (Strabismua) 1

TOTAL 3 5

Hwaring loss 3 2 21

Sinusitits 4

Tumor 2

"TOIAL 3 2 27

NU.,ROPSYCHIATRIC

Psychlalric diuordeis 2

Puruonality disorders 2 8

Depres.sivo Lleharior 2 7

Saizeures 2

101-AL 2 4 17

CAD 2

HTA 3

Arrythmia 1 4

Mitral Valve Prolapse I

TOTAL 2 7 2

Table I-1. Disqualifying aeromedical conditions

I ,
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FIRST EXAM
Disposition

Permanently Hr, ioa l emporarlty F [itGrounded ysquallfled t

LA&
Hypetcholeateru nenila 53 1 U

Hyperglycomla 3

Liver enzyme elevation 12

Metabolic .lisorders 1

Druge 2

"TOTAL 65b 16

MISCELLANEOLUS

Drugs 1 4

Degoeni ativa S3pinal Disease I3

Limb FX/Consequaiiiles 1 3

Positive HIV 1

Asthma 1 1 1

Alcohol abuge 1

Ulcerative Colitis 1

I-lead injury 1

Shouldei inestubillty 1

Prieumothora, 1

Vh1al hepatitis 2 I

fsodache 1i

Tumor _ 1

Others 7 1

TOTAL 17 20

Table 1-2. Disqualifying aeromedical conditions

S... ....... . . ... .... ....



FOLL JW-UP
Disposition

Permanently Restricted Temporarity Fi
Grounded Dysqlualifiod

Refractive errors -3 4

Color vision 5 3

Tropia (Stiabismus) 1

TOTAL 9 3 4

Hearing loss 52 1 b

Sinusitis

Tumor

TOTAL b 2 1

Psychiatric diý;ordurt 1

Personality disordwr 24

Duprossivu behaiioi 1 2 6

TOTAL 4 4 11

CAD_ 2]

H TA j3I
Arrythinia 1 4 _____1

Mitral Valve Prolapsu 1

TOTAL 2 7 2

Table 1-3. Disqualifying aeromedinal conditions

Aemaenly--trctd.emorriy i
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FOLLOW-UP
Disposition

Permanently Retricted Temrpnrarity lit
U.ritondd eysqu.dlfied

LALI 3

H ypercholesterunemla 34 1
Hyperglycoila 3

Liver enzyme elevation 4j_4

Metabolic disordera

Drugb

TOTAL 41 1

Ml3CEL[LANEQUS

Drug s U 3

Uegenerativa Gpinnl Dimisase1

Limb FX/Cununquensem 1

Positive HIV 1

Authma 1 1 1

Alcohol abuse 1 1

Ulcerative colitis

Head injuq 1 12

Shoulder inestablllty 0

Pn)uinothorax 0

Viral hepatitis 0

Hekdache 0 0

Tumor 1 1

Others 6 1

TOTAL 1 14 11

Table 1-4. Disqualifying aerornedical conditions
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FIRST EXAM

Hefm~oently Restricted ]emporarity Fit

Groundod Dyaqualified

OPHTALMOLOGY (OUT OF 170O) 8 -0.45% 3 -0.10% b 0.28% 1

(OUT OF 201) 4% 1.49% 2.48%

ENT (OUT OF 1709) 3-0.16% 2 0. 11% 27 =1.58% 8

(OUT OF 20i) 1.49% 0.99% 1.34%

NLiUROPSYCHIATRIC (OUT OF 1769,1 2-0.11% 4=0.2.:% 17-=0.90% -6

(OUT OF 201) 0.99% 1.99% 8.45%

* CARDILOLOGY (OUT OF 1769) 2-0.11% 7--0.39% 2 0.11%

(OUT OF 201) 0.99% 3.48% 0.99%

; LAB (OUT OF 1709) 65-3."7% 16-0.90%

(OUT OF 201) 32.33% 7.9%

MISCELANEOUS (OUT OF 1709) 1 0.06% . 17V-0.90% 3 20.-1.13% -9

(OUT OF 201) 0.49% i 8.45% 0.95%

IOTAL POPULATION 16:10.90% 96 m-5.53% 87=4.91%

Table 11-1. Percentage of aeromedical conditions

I
a
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FOLLOW-UP

f ......... t ly |,1 l| / | npo r tly
i3rou dI.d. Dy q u . 1l ý

OPHTALMOLOGY (OUT CI 1708) 0g0.50% 41 3:=0 16% 4=0 22%

[OU I O- 13W) 041% 2Ii% 2.815%

LNTMlOUT DE 1 /60!28% 2-o 11% It)-101 0%

(010T O 13l) 3.59% 1 43% 13.1iJ%

•U1Y~C|IATlC, lOUT (i" 1/t1 4-0 22% 4-0,22% 11-0.62% 4

(OUT o1- 13f) 2.87% 2.81% 1.91%

CAtlLIIOLOUy lOUT±)J 1/11012-1 I1%. 1/0.39% 2=0.1 IV.

(OUr 01: 139) 1.43% 5.03% 1 43%

L,, 1260 41- 31% t-0 06% 3k)

29 4W" (..11%

MI1CLIANI 0U., lOUT Q1 11 19 14-0 .1% 11 -002% 12

(OUl .1- 139) _10.0/% f01%

*i~~iO L2IIJiI - ; 1; 1 13% 11 =4 01% S.;-2 1% 1A "3 44%

Table 1-2. Percentage of aeromedical conditions
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SWuWAIY disposition, and tht: setting of new
standards, as appropriate. The

INBODQPMQ142. The Avi.&tion Medical potential number of epidemiological
Data Reteieval Systeoi (AMDRS) is a studies offered by the database is
dynamic, expanding database $;*at limitless and mandates further study.
currently contain information on
150,000 inaivid.u is, and
approximately 75,000 separate LIST OF SYMBOLS
complete examinations. The Naval
Aerospace and Operat;onal Medical AAC Asromedical A.'vsory
Institute (NAN!) developed AMDRS in Council
March 1989. The Aviation AEOR Aviation Epidemiological
Epidemiological Data Register (AEDR), Data Register
developed by the US Army Asromedical AMDB Aviation Medical Data Base
Research Laboratory, is the temporary AMDRS Aviation Medical Data
repository of information from which Retrieval System
the AMDRS develops. After the BUMED Bureau of Medicine and
medica. record is completed by Surgery
reviewers, information it transferred SUPERS Bureau of Naval Personnel
for permanent storage in the Aviation CD Considered Dirqvalifying
Medical Data B. se (AMDB). fhe purpose CMC Commandant of the Marine
of this paper wil e to provide Corps
detail about the information CNO Chief of Naval Operations
available in the database, examples CNRC Commander, Naval Recruiting
of previous studies completed, and Command
propose specific areas for future ICD-9-CM International
st'.dy. iiiyV. Since 1987, all Claraification of Diseases
current Naval aviation personnel have NAMI Naval Aerospace and
had thieir statua entered into the Operational Medical
AMOD. Sinca 1990, all Naval aviation Institute
physical examinations submitted to NCD Not Considered
NAMI fot endorsement of physical Disqualifying
qualifications or waivers have had NPQ Not Physically Qualified
the data from the SF-S8 (Report of PC Personal computer
Medical Examination) entered into the PQ Physically Qualified

DfL. As the examination proceeds RPOW Repatriated Prisoner of War
through the review/andorsement S.-88 Report of Medical
process, additional data is added to Examination
the AMDB; including a list of all SF-93 Report of Medical History
disqualifying conditions, along with SSN Social Security Number
their correspondinq ICD-9-CM codes, USCG United States Coast Curard
and aeromedical disposition. USMC United States Marine Corps
Subsequent examinations are also USN United States Navy
entered into the AMOS, often on a
yearly basis if the individual in on
a waiver. hjULT•. To date, BACKGROUND
approximataly 150,000 different
individualo have had their status The Naval Aerospace and Operational
entered in the ANDRS, and Medical Institute (NAMI Code 42), in
approximately 7Z,000 separate its capacity as Bureau of Medicine
examinations have been entered, and Surgery (3UMED-236), is the
QQECI.UkQNk. The AMDRS providea an disposition center for all
extensive data base fros. which asromsedical issues for the United
retroapective studies car be States Navy and the United States
performed to validaLe the cuizenzt Marina Corps. The institute is
aviation physical standards, the responsiblh for rev-ewing all
clinical rationale for aeromediual aviation physical examinations for

1J',,, Ui 11' s\.rpi't n U. (u"a onIHall, frI Aen-'fI),:,, akio ng . Apt I 1554
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Naval aviation, including all Navy (SF-88), Report of Medical
and Marine Corps officer and enlisted Examination. In addition, limited
candidates, all Coast Guard student information from the Report of
aviators, as well as all designated Medical History, Standard Form 93
aviation personnel for the Navy ard (SF-93), or the Officer Physical
Marine Corps. Additionally, the Examination Questionnaire, NAVMED
Institute advises the U.S. Navy 6120/2, is included. The entry of
Surgeon General on all aerox.edical this data is currently limited
policy and aviation physical because it is narrative in nature.
standards for over twenty-five types Future efforts, to be described, will
of various aviation duty provide for more complete entry of
examinations. this information. The majority of

the information on the SF-88 (Report
A component of the Institute is the of Medical Examination) is numerical,
Aeromedical Advisory Council, a panel lending itself to ready storage,
of aerospace medicine specialists retrieval, and analysis. All
with extensive operational experience conditions which are Considered
and clinical specialists including Disqualifying (CD), i.e. outside of
Internal Medicine, ophthalmology, aviation standards, are coded using
Otorhinolaryngology, and Psychiatry. the International Classification of
This panel utilizes its collective Diseases (ICD-9-CM).
experience and specialty backgzound
to advise the Commanding Officer of To provide quality assurance of the
policy recommendations to be made to information entered into the
the Surgeon General. Aeromedical database, medical treatment
decision-making by the group is aided facilities are able to review their
by the data included in the Aviation examinations for completeness for the
Medical Data Retrieval System type of examination entered through
(AMDRS), which will be described in the software provided 'y Micro-88.
this paper. These facilities arc Abjhm to access

the VAXcluster via modoin. Through
the VAX, the examinations can be

DESCRIPTION OF THE A)DRS reviewed for conformance to standards
depending upon the type of

The Aviation Epidemiological Data examination. Presently, forty-four
Register (AEDR), developed by the US facilities, which account for
Army Aeromedical Research Laboratory, approximately 80% of all aviation
is the temporary repository for physical examinations submitted fox
information from which the AMDRS review, have Micro-88 capability.
(Aviation Medical Data Retrieval For facilities without Micro-88
System) is developed. NAMI (Naval capability or the ability to
Aerospace and Operational Medical electronically transmit information,
Institute) developed the AMDRS the hard-copy forms of the
(Aviition Medical Data Retrieval examinations are mailed to NAMI
System) in March 1988. The A)DRS (Naval Aerospace and Operational
(Aviation Medical Data Retrieval Medical institute). At NAMI, the
System) is an integrated aviation data from these examinations is
medical database system specifically entered into the database by contract
designed to improve support to Navy data operators, who utilize the AEDR
and Marine Corps Aviation personnel. (Nviution Epidemiological Data
Micro-88, personal computer (PC) Register) "double data" entry system,
based software, was developed as a followed by a checker to resolve
tool to be utilized by gield dizcrepancies, which minimizes
activities and is the entry point for errors. This redundancy allows for
the primary data entered into the accurate entry of data into the
AEDR (Aviation Epidemiological Data database.
Register). The AXDR (Aviation
Epidemiological Data Register) and Also included on the VAX super
AMDRS (Aviation Medical Data minicomputer, and available to
Retrieval System) ari maintained on a facilities with Micro-88 and modem
VAXcluster at the Institute. An capability, is a summary of the
assortment of relational databases waiver history for various diagnoses
provide for easier, more rapid by ICD-9-CM code. This utility
extraction of data for a multitude of allows a facility to immediately
purposes. The program language is assess the probability of a favorable
Fortran. waiver recommendation by diagnosis

code and by Class and Service Group
Micro-88 enables field activities to of personnel. A utility also exists
enter all of the information which enables facilities to determine
contained on the Standard Form 88 current aeromedical disposition
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Table I The Aviation Medical Data Base (AMDB)
Size and Record Distribution

Number of records in the personnel file 102,699

Number of records processed since 1987 170,960
Number of unique SSN's processed since 1987 74,932

Number of SF-88's entered since 1990 96,183
Number of SF-88's with unique SSN 53,014

Number of records processed for waiver 40,689
Number of unique SSN's processed for waiver 20,922

policy and the requirements for Medical Data Base). Since the
submission of a waiver request for requirement exists for all enlisted
over 180 diagnoses, which account for aviation personnel to have
nearly 80% of all waiver requests. examinations submitted at candidacy,

and all officer personnel to have
NAMI (Naval Aerospace and Operational examinations submitted at candidacy
Medical Institute) also maintains a and at least every three years
microfiche file on which are recorded thereafter, the present database has
all hard-copy information that is existed long enough to include all
submitted on each aviator. This personnel currently on active flying
provides an invaluable back-up of status. This number is approximately
information which can be extracted 100,000. To date, 170,960 different
when the information would not be examinations have been entered by
included in the database. The status in the ARDS, with 74,932
additional information is critical unique SSN's (individuals) entered.
for some research projects. Future Since 1990, 96,183 SF-88's (Report of
plans call for all information to be Medical Examination) have been
stored as an image on the VAXcluster, entered into the AEDR (Aviation
allowing it to be catalogued, and Epidemiological Data Register),
subsequently retrieved from a much- representing 53,014 unique SSN's.
expanded database. Funding for this The personnel file contains 102,699
project is being ,ressively distinct records by SSN. (Table I).
pursued.

EXTENT OF THE PRESENT DATABASE

Microfiche records have been.......................
maintained since 1970. There are
180,000-200,000 individuals' records
on microfilm. Since 1987, all
current Naval aviation personnel have
had their status entered into the
Aviation Medical Data Base (AMDB). / '/ I
This means a record of whether the ,//7

individual is physically qualified

(PQ) or not physically qualifiedI 7/,(NPQ), as well as whether a waiver F'J• ••'"7

was or was not recommended, and their .
duty status, i.e. Class, Service
Group, or specific type of aviation Figure I Records by Gender
duty. Since 1990, all Naval aviation
physical examinations submitted to
NAMI (Naval Aerospace and Operational
Medical Institute) for endorsement of
physical qualifications or waivers As of January 1994, the database
have had the data from the SF-88 included records on 51,496 males and
(Report of Medical Examination) 2,538 females (Figure 1). The age
entered into tk'e AMDB (Aviation distribution includes age 18 to age
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Histogram
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Figure 2 Age Distribution

78. The mean age of personnel in the PREVIOUS STUDIES CONDUCTED FROM THE
database is 35 (Figure 2). There are DATABASE
38,949 Class I personnel (those in
actual control of aircraft) and In 1990, an extenisive evaluation was
106,396 class ii personnel (all conducted producing the Aviatrix
others serving in aviation duty). Of results. This study utilized all the
the class I personnel, there are information maintained in the
records on 37,632 Service Group 1, database as it was an analysis of nil
1,038 Service Group 2, and 279 SF-88 (Report of Medical Examination)
Service Group 3. A total of 40,689 items and ICD-9-CM diagnoses for all
records have been processed for of the women in Naval aviation. The
waivers to the physical standards, results of the study have been used
representing 20,922 separata on numerous occasions, not the least
individuals. Although the watver of which was during the recent
utility on the VAX does not provide debates on "Women in Combat."
detail about all of the Class II
personnel, because at least three The anthropometric standards were
blocks on the SF-88 (Report of developed based on the Naval Air
Medical Examination) indicate the Systems Command analysis of cockpits
type of examination or duty status, in the inventory at the time the
data can be extracted by very standards were eutablished. This
specific types of duty. learly resulted in the necessity of

he pilot being selected to fit the
As the examination proceeds through cockpit. More recently, the
the review/endorsement process, anthropometric data maintained in the
additional data is added to the AMDB database is being utilized in
(Aviation Medical Data Base); designing and re-designing cockpits.
including a list of all disqualifying This information does nrt reside in
conditions, along with their any other readily accessible form,
correspondiug ICD-9-CM codes, and underlining the importance of the
aeromedical disposition. Subsequent database in the decision-making
examinations are also entered into process, not only for aeromedical
the AJDB, often on a yearly basis if decisions, but also fo design
the individual is on a waiver, efforts in the man-machine Lnterface.

Whinever the Aeromedical Advisory
Council examines an issue for
potential policy change, the database

----------------------------------------------------------------------



becomes an invaluable source of exceeded their previous maximum
Zinormation, revealing not only the weight standard, but weighed within

extent of the problem, but also an the design limits of the ejection
indication of previoun seromedical seats in current aircraft.
disposition. This foundation
provides the basis for much more The Naval Air Warfare Center Aircraft
scientific recommendations to the Division has utilized the
aurgeon General as aeromedical policy anthtopometric data co aide in the
is formulated. development of an advanced anti-G

garment. The Chief of Naval
During 1991, the idea was born to Operations ucIlized anthroponetric
change the frequency of P.bmisaions data for women Naval aviators to
of aviation physical examinations for assess the validity of cockpit fit
those who had a waiver of standards ch&cks by the Naval Aviation Schools
to continue flying. By determining Cowaund in assigning individuals to
the frequency of waivered diagnoses, various aircraft pipelines. Most
a more intelligent recommendation recently, the Presidential Commission
with greater impact was developed. on Women in the Armed Forces analyzed
An analysis of the data led to a the number of pilots who have become
recommendation to reduce the pregnant while serving in t flying
frequency of submission for HUMED assignment.
endorsement of certain conditions for
waiver continuance which had been Visual acuity standards for
determined to not progress adversely candidates were re-addresued
during the aviator's career. This following an inquiry by the officer
has led to an easing of tne burden on Community Manager of the Buresu of
local flight surgeons, medical Naval Personnel. Subsetvrently the
treatment facilities, and HUMED-236, visual acuity standard for applicants
reducing man-hours and costs, without to pilot training was cha.ged.
having an adverse effect on aviation
safety. The Naval Asrospace Medical Rejearch

Laboratory has made numerous
The userr of this extensive database inquiries of the database, including
extend far beyond the aeromodical identification of hypertensive
community. Included among the aviators. other diagnoses that have
activities using information from the been investigated by the Naval
database in their decision-making Aerospace and Operational Medical
processes nave been the Chief of Institute include coronary artery
Naval Operations, the chief of the disease, ventricular septal defects,
Bureau of Naval Personnel, and the those leading to determination of Not
Commandant of the Marine Corps. The Aeronautically Adaptable, and
database is widely recognized as a defective depth perception and its
resource that leads to intelligent relation to defoctiv,' uncorrected
decision-making. vixual acuity.

Numerous examples of the application The databas& has alua been utilized
of the database are exemplified by a for quality assurance purposes, i.e.,
review of historical utilization of what are the numbers of individual6
the database. The Commandant of the found Physically Qualified by medical
Marine Corps has used an analysis of treatment facilities at other
the number of candidates found Not locations in the country, but found
Physically Qualified and without a Not Physically Qualified once
recommendation for waiver to predict reporting for initial flight training
the number of candidates who must be at Naval Air Station Pensacola.
selected for aviation slots in order
to meet pilot training requirements.
When the United States Marine Corps FUTURE OTILIATION OF THE AfDB
was considering the use of contact
lenses for certain designated pilots, In 1989, the visual acuity standard
the database was an invaluable for entrance to Navy pilot training
resource for determining the was changed. The capability now
potential impact of such a decision exits with the AMOS (Aviation Medical
by assessing the number of Marine Data Base) to assess the rate with
aviators, flight officers, and which the visual acolty of these
aircrewmen with visual acuity less individuals has changed and whether
than 20/20 uncorrected. The United the Navy is losing the services of

i States Marine Corps re-evaluated its trained pilots earlier because
their weight limit standards these individuals' visual acuities
following a review of the number of deteriorate outside the standards for

their designated aviators who Service Group I or Service Group 11
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before their career in flying is be a substantial savir.ge in both time
complete. The distinction among the and money.
various service groups determines
whether a pilot is able to fly on and
off of the ship, or must fly with CONCLUSIOMN
another pilot qualified in airframe
type (i.e. dual-controlled aircraft). In summary, the Aviation Medical Data
The outcome of such a review could Retrieval System jhMDRS) ham proved
have a large monetary impact on Naval its utility In several aeromedical
aviation. The information exits decision-making processes in the
within the database to determine such past. The power of the database
outcomes. grows daily, both in terms of numbers

adusd to the database as well as
As the value of this database for overall scope of the database.
epidemiological purpose. ba:omew more Future analysis of the data can be
widely recognized, other warfare utilized to review and revise
specialties and agencies have gained aviation physical standards, as well
interest in its use. Should other as analyze the waiver recommendation
warfare specialties elect to utilize process for its impact on aviation
a similar system, the power of the safety. An resources diminish for
database in statistical analysis support of the military aviatiun
would multiply. Likewise, bringing structure, the ability to formulsaL
the United States Air Force and intelligent aeromedical standards and
United 5tates Army aviator physical policy is paramount and grows in
examination data and waiver history value. It is paramount that we
Into the database would further select for training the best
increase its value for asromedical individuals and those who can be
declsion-making. maintalnod safely in a flight status.

An efforts are increased in a joint
Other databases are also maintained climate, the ability to compare
on the VAXcluster. Included among experience among the United States
these are the results of the Aviation Navy, United States Air Force, and
Selection Teot Battery, which is the United States Army, grows in
adaiinistrerd to all potential pilot value. Additionally, the ability to
and Naval Flight Officer candidates study the epidemiology of the
for Naval aviation and utilized in aviation community is invaluable.
the selection process. Combining the
information in this database provides The AMDRS (Aviation Medical Data
an additional tool for pilot and Retrieval System) provides an
Naval Flight officer selection, extensive data base from which

retrospective studies can he
Finally, the data from the performed to validate the current
Repatriated Prisoner of War (HPOW) aviation physical standards, the
study and the 1000 Aviator Study are clinical rationale for aeromedical
currently being added to the disposition, and the setting of new
VAXcluster. Information from these standards, am appropriate. The
studies increases the longitudinal potential number of epidemiological
value of the database, and could be studies offered by the database is
utilized to further validate the limitless and mAndates further, study.
appropriateness of aeromedical
standards and waivor recommendations.
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SUMMARY subJectel willi iedium low lt:vulu
of serum thyroxilte,

The prevalence of thyroid In ieromedicaI ovaluation the
di neance is almost 5 to 7 % . acreeninig ill reccoimuendod for
Hypothyloidissm,whether primary selection and suitability to
(thyroidal) or secondary tfly.
(hIypothyrotropic and, rarely,
hypothalamic) occurii at all1 Aquil 1NITROUI.2'IUN
and in I more comnmon iii womenrI Lu
frequency variesnit lendalui on1 T'he ci irll cal Lynidollii Of"
the population nat ud Ld. 'T11 hrypothytoidlim was first
pLevalencre Of overt (105c!?IiPnd by Guill in 1874 (Ret
liypothyroldiisi 16 0.i S I o 2 %. 1) , t he t era myxedema was coined
Even though hypot hyo i di um Iii an h Ord fouil years Later (Rtf 21
tlrn'niiitiloiC-Ali'ie Of' di 14ensH., i t A th o ugh sryxisdema was not a
nýeverthel nuniS deci-esae- constant feature of
prnychological and phyulological hypothyroidiem, the two terms
el Itency, modifini the are, even today, often
aeromedical standards. erroneously used synonyrmiously.

it was also widely accepted
ilypothyroidlsm Is an involved the pant that hVpothyro idim wan
clinical,metabolic condition all "all or nonle" phenomcnon.
suppurted by inadequate thyroid W Lih thei advent of precise
fiunction. E1evation of diagnootic techniquesi to measure
thyrot'olpin blood lovelu in a thyroid function, however, It
nensitive indicator of decreaod became clear that hypothyroldiunii
thyroid gland function (primary Is a graded phenomenon in which
hypothyroidism) .nyxedema preuunts the fully

developed and often far advanced
In this utudy we eva..uated thu uynd-lro.me
prevalence of subclinical
hypothyroidism, characteriezed by Ilypothyroidium canl be deotned au
an elevation of TSII levels with .1he c.inlcal, biochemical ard
low levels of serum thyoxine anid metabolic syndrome resulting
medium- low levels of freUe Itom inadequate Lhyroid hrrmunoi
tiroxine, .ln subjects examined production and nub-normal
at thr Forensic Medical thyroid hormone uoniceiitration
Institute of lAF, during or, from faulty transduction of
ordinary checkups. Lhe thyroid hornulne iiessage (RMef

3) . The inadequate production
We investigated on .35 people, cay he caused by disorders of
military and civilian, aged from the thyroid gland itself by
25 to 70 years with low blood unterior pituitary insufficiency
thyroxine (RIA) levels (65-115 or,: uncommonly, by hvoothalamic
amol/al versus normal values of abnormalities (Ret 4)-.
65-157 nmol/ml) Patients with Resistance to tile niction ot
non thyroidal illness, those on thyroid hormones it a very ratre
medications affecting thyroxine cause of hypothyro;iiem (Ref ';)
and those with thyroid disease
were excluded from the study. HypoLhyroidism mnay occur at all
Determinations of thyrotropin ages and has different
hormone (IRMA) were obtained on characteristics arLd conuequenceu
the 35 subjects. Elevation of at different stages of life. It
thyrotropin was found in 12 Js much more common in females
persons. Six of these were (F/I = 4.7/1) and in the
started on thyroxine therapy elderly (Ret G) . Clinical.
with L-thyroxine (50 Mg/die) . evidence ot hypothyroidism

varies widely Howver, the
Thyrotropin hormone elevation is clinical and laboratory
an early indicator of decreased assessment of thyroid function1 4 thyroid function and subclinical permits the definition of two
hypothyroidism may be recognized groups of hypothyroidism at
by thyrotropin screening in least, disti. , ehing clinically

l'r¢setind at a .,%ymposium on 'Tire Clinical Basis for Aeromedrcal Decisi,tn Makinrg', April 1994. "1Li ___
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Tab. 1-Subclinical hypothyroidism screening raview

Reference Year Subjecto Casco ot liypothyroidism

Pz with P* withii
tnseiispcicd SNubc Iilnicit3
Overt ifyp. Hypothyroidlum

Tunbridge 1977 2779 0 28 (TSR>16)

liodkinson 11 77 114 17 not given

Sawin IV 19 374 32 27 (TtIi> 10)

Nyot.rom 19131 1283 0 12 (TSH>G)

Campbell 191 42- 9 not given

l.'all|cnbeq 1983 1442 6 11 (TS!1>7)

Iirochniann 1980 200 12 24 (TSII..6)

Okawui a 1989 2421 4 33 (TSiI.4 , I)

Prenent 1993 1150 0 1 (TSH>3)
study

dppatULIt disease itrot sail.Lci behdvioulal ioeaturt.t Aiv AA
y aduLs of thzyoid dioiuoctLuil: impoLt-tit pi.oblotm fto the
oveit'" IypuLhytoidint acnd efiJciency oif celtain caLegoties
"cubc] inrcl"hypothyroidism of people.
(Rof 7) . In the oramer, the In order f-u be useful in making
patients pr•ellet c igna and aer.omedical decislons foi
symptoms that indicate an unlectione and suitabi liLy tEc
alntormal functionl oi one or more fly, the aim of thit study wuu
systems. an the latter, patients to evaluate the utility of widerhave no signs or symptoms of application of ]S11 assay as a
hypothyroidism but present an primary screening test to
elevated serum TSH concentration dutoct subclinical
with normal or alightly low hypothyroidism.
levels of thyroid hormone It in Important to identify
coacentration (Ret 8,9) . potential patients who show
Sntcibinical hypothytoidiom is possible morbidity anid who could
found in about 7,5% of women and develop overt hypothyroidiumn
in about 3* ol men (Ret 10). over time.
Prevalence rates of overt
hypothyroidism vary from 0.5 to 2 SU)JOUCTS AND MITHQDP
2% ill women (Ref 11) antl may be
as high as 4% in elderly women SulQ
(Ref 12) . Diagnosis, evaluation
and management of subclinical From May to July 1992, 1150
hypothyroidism is very important aubjects of flvying pesonnol
because overt hypothyroidium were screened for thyroid
develops in a certain number of tunction at the Forensic Medical
these patients: in the Tumbridge Institute of the Italian Air
study (Ret 13) 8 V of the Force, durinq ordinary checkupa.
patients with TSH levels over 6 35 patients (3.1%), among whom
m0/L develouped overt 23 women and 12 men, with low
hypothyroidism within 5 years blood total T4 (TT4, RIA) levels
(Tab 1). (65-115 nmol/mi) and medium-low

levels (7.9-16.5 pmol/ml) of FT4
Subclinical hypothyroidism has (RIA), wore examined by TSII
significant effects on some (IRMA) . The subjects ranged in
peripheral target organs at an age from 25 to 70 years with a
early stage (Ref 10). It appears mean age of 35,6 years. Those
to be a risk factor for with non thyroidal illness or on
atherosclerosis and for coronary medication affecting TT4 and
heart disease (Ref 14; 15), and those with thyroid disease were
may caubo an evident impairment excluded from the study.
of some cognitive functions The following thyroid function
correlated to memory, as well as teats were done: total T4 by
behavioural alterationGs (Ref PTA, free T4 estimates by 4TA.
16) - Neuropnychologlcal and (FT4), sensitive thyrotropin

L
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(TSH) IRMA and atimulatigj tfoots tor MS Windows Release 5.0,
with Thyrotropin releasing 1992). A r value of c0.05.was
hormone (TRH test). All assays considered significant.
were carried out exactly as
indicated in the manufactures .-. RSkT.
instructions. All tests were
done in doplicate and rechecked In 35 subjects the TT4 and FT4
if the duplicates varied by more range serum concentration was at
than 10%, medium low levels compared to
The patients population was normal value (Tab.2).
correlated with a euthyroid Determlillations of TSH (IRMA)
gron p of 50 normal controls with were obtained on all subjects.
no thyroid history ( mean age .evelc of TSH higher than normal
39.2 years). All patients end (>3 mU/l) were found in 12
controls were in good general subjects (1.19% of the whole
health, studied population), 9 were

wom.n iand 3 maen (F/M=3/1): six
H(QXRone I._aUay subjects had TT4 values <65

nmel/ml and FT4 <9, 5 pg/nl . In 4
Evaluation of plasma TSH Ievels, niubi,.-,ts TT4 values were hetween
(normal values less than 3 mU/L) 65 and 80 ng/ail and FT4 b-twepi
was performed by an 9.5 and ii pmol /ml; in other two
ultrasensit ve ismmunroadiometric TT'14> 0U imi,)I/ill and F1-'4 ii
assay (Technogenetics, Milan, p aol/mi The inverse corr(elation)
Italy) with e detection limit of between the sensitive
0,2 mU/l. TO!H response was also thyrotropin and TT4 (r-.SH,
evaluated by TRH stimulus. The P<0.01 in the investigated
TRHI test wau performed in all patients and r--.27, PO0.03 in
patients and control subject u. the control subjects) was
We used a single Till! dose of 2,U confirmed.TSII showed a gradual
pq, given by intrav nouu increase with progressive
injection. Serum wa.; collected thyroid failure. The TS1
before 15 mitn. and then at 0', response to TRH wac exaggerated
30', 90', il0'intervals. flnrum in all theue patients. Six of
total T4 was moeasured by lila theus twelve subjects were
method (Ares Serono Kite, Milan, utarted on thyroxine therapy
Italy) . Serum free T4 was with L-Thyroxine (Eutirox®,
measured using the liuuphase Bracco, Italy)) )Opg/die; Ull
kits (Sclavo, Milan Italy) . had a cecrcane of TSH and an
Reference range were : increase of TT4 and FT4 levels.
0.2 3.0 mU/L for TS1); TT4 Thy rotropin values rusulted
64 - 110 nmol/mi; and VT4-7 7 26 being 2,/-0.8 mU/l and thyroid
piel o/il.. hormonos, TT4 and I'T4, were in

the nDrmal range. Two out of six
"t aht itcLa. Alaalyu.IV untreated subjects had a tall in

the thyroid hormtione aerosi "
Values are presented as me-in+/- concentratiun and/or a riuu in
and Standat d Deviation (SD) . the TSH. In fivu of these
Statistical anal ysi was untxeated subjVcts the TRII tent
performnud by evaluating confirmed an exaggqeated
correlation, using Peaisun'ls reUponse, typical of
ilinear reL euo LOn model (SPSS hypothyroid leT.

Tab. 2-Hormone measurement (maean+/-SD)in 35 studied
subjects

CONTROLS TSHv3 __ _Tonal<

H
0 

of 50 12 23

patients

Age 39,4 (+/- 12,9) 45,2 (1/ 13,1) 30,6 (+/-6,5)

TT4 131,4 (+/ 10,7) 72,2 (4/ 14,1) 105,9 1/ 4,5)
(nmol/ml)

1T4 19,1. (+/-2) 9,8 (+/-1,7) 14,2 (+/-1,5)
(pmol/ml)

TSH (mU/L) 1,9 (4./-0,4) 4, V (+/ -0,8) 2,0 (1/- 0,4)

Peak of 14,5 (f/-2,S) 45,7 (/- 3,9) 11,4 (+/-3,'7)
TSH

after TRH
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1Fi2.1- Thyroid hormone production and serum hormone
concentration in normal and hypothyroid subjects
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Vig.2-Subclinical hypothyroidism: flow chart
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ITub. 3-Population vitt, risk fac tor. c
subcclinical"IhypothyroIdism
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L '1e 4 1 u 1) t: 1 ci -I x 1a be~iurilLa Of a scrLeeninglt fox
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t IC.U petj i~' a ale c-vi d!-nt too. This is
piobadbly dufe to miner- 02

In (;II Lc. Li ub 1C e r. we I,f- concentxact on. thek reduced
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hypothyroidism and the suitability to fly, this
evaluation that these patients screening should be also
should be treated with adequate recommended in aeronredical
doses of L-T4, like in overt evaluation, for metabolic
hypothyroidism, changes in -peripheral target

organs, and especially, for
Controversy exists over whether impairment of mental functions
or not subjects with aubri ,nical and behaviour (Ret 23).
hypothyroidism should be treated
(Ref 20)_ The long term beniefits The sensit i' . TSH assay is the
and risks of treatment with niost ideal LO this regard, since
luvothyroxine have been not it has the highiest sensiti,,ity
extensively studied. Some and specificity in the diagnosis
authors recommended L-eatment of of thyroid disfunction (Ret 14l.
all patientsi because overt
hypothyrnidinti1 develnps xit d
certlain nuurbei Of thesme palt ento
(Ref 2G) to pievent the WVcKPXNcRS
emergence nf clinical diseatti'
(Ref 27, 2R, 29) The rin.k fez
overt hypothyroidism is 1) G~ull, W W., On ;j cxt-rnnid
correlated, in Staub et at stare ioiipprveniirq in aniuli l it,-
with the grade of thyroid qland in womei"n" Trans C1

1
n C:,7

diefunction and with the 1984, pp 18n

presence or not of the
antibodies and of the thyr oid 2i Ord. W M, (in yxnediema, A
function receive (Ret 10) with term proposed to he applied to
a TSH serum level of 6 int~l/, the an ecosential condition in the-.
calculated risk, iaj about 21% and .Cretincid" aftectieýn
1,9% with TSH 20 mU/I occasionally observed ~n middle
Otherwise other autlucro tucus cio aged women. Report of the
thc ticksL of treatme.nt , Myxoedeuma Ccmtmisrort of the
iincluding coteoporouio. cardiac C'linical So-icty of Londlon'
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Tab. l-Subclinical hypothyroidism screening review

Reference Year Subjects Cases of Hypothyroidism

" Pz wit. Pz with
unsuspected Subclinical
Overt Hyp. Hypothyroidism

Tunbridqe 1977 2779 0 28 (TSH>5)

Hodkinson 1977 114 17 not qiven

Sawin 1979 374 32 27 (TSH>10)

Nystrom 1981. .283 0 12 (TSH>6)

Campbell 1981 427 9 not qiven

Falkenbeq 1983 1442 6 11 (TSH>7)

Brochmann 1988 200 12 24 (TSH>6)

Okamura 1989 2421. 4 33 (TSTI>4,1)

Pesent 1993 1150 0 1.2 (TSH>3)
study

-*1
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Tab. 2-Hormone measurement (mean+/-SD)in 35 studied
subj ects

CONTROLS TSH>3 TSH<3

No of 50 12 23
patients

Age 3 9, 4 (+/-12, 9) 4 5,2 (+/-13, 1) 30, 6 (4/-6,5)

TT4 131, 4 (1/-10,7) 72,2 (1-/-14,1) 105,9 (+/-4,5)
(nmol/ml)

FT4 19,1 (+-/ 2) 9,8 (+/-1,7) 14,2 (1/-1,5)

(pmol/ml)
TSH 1, 9 (+/-0, 4) 4, (+/-2,1 ) 2,0 (+/- 0,4)

(mU/L)

Peak of 1.4,5 (+/-2,5) 45,7 (+/-3,9) 17,4 (+/-3,7)
TSH

after TRH



9.10

Tab. 2-Hormone measurement (mean+/-SD)tn 35 studied
subjects

CONTROLS TSXI>3 TSH<3
NO of 50 12 23

patients

Age 39,4 (+/-12, 9) 45,2 (+/-13, 1) 30,6 (+/-6,5)

TT4 131,4 (+/..10,7) 72,2 (+/-14,1) 105,9 (+/-4,5)
(nmol/ml)

FT4 19,1 (+/-2) 9,8 (v/-1,7) 14,2 (+/-1,5)
(pmol/ml)

TSH 1,9 1/-.0,4) 4,7 (+/-0,8) 2,0 (+/- 0,4)
(mU/L)

Peak of 14,5 (1/-2,5) 45,7 (+/-3,9) 17,4 (+/-3,7)
TSH

after TRII



Tab. 3-Population with risk factors for
subclinical hypothyroidism

Newborns (birth to 10 wk)

Patients with stronq family history of thyroid
disease

Ilderly patients (over 65 aqe)

New mothers (4-8 wk postpartum)

Patients with autoimmune disease

[Adapted from MARTINEZ M.

iI
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Fig.l- Thyroid hormone production and serum hormone
concentration in normal and hypothyroid subjects
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Fig.2-Subclinical hypothyroidism: flow
chart
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EKG IN FLIGHT
USEFULNESS AND LIMITS FOR AIRCREW REHABILITATION

A. SEIGNEURIC, J.P. BURLATON, F. DIDELOT
R. CARLIOZ, P.E. BERTRAN

Service de MN6decine A6ronautique
Hdpital d'lnstruction des Arm6es Dominique Larrey

78000 Versailles, Franca

.UMMARY 1. INVESTIGATION COND:TIONS

During the last 16 years, we have Between 1978 and 1993, a .umber
performed 86 in-flight EKG's on french of recordings were made in-flight on aircrew
aircrew members in order to have additional submitted to medical examinations because
arguments for fitness decisions. Fighter of various medical problems.
pilots were the most important group (39%) The recordings were obtained in
followed by helicopter pilots (27%), flight, but began a few hours before flight
transport pilots (13%) and student pilots and extended several hours after. We used
(9%) The most important reasons were EKG one of the commercial recording and reading
disturba ices and in particular excihability systems available in France, based on the
disorders. Cardiac troubles like coronary or Holter technique.
valvular disease were rarer. This examiiiiation
provided positive indicaticn of flying fitness The system had first been tested on
in 70% of cases, negative indications in several types of military aircrew: fighter,
15% and no indication in 15% of cases. It is transport and helicopter pilots, -n order to
a useful complement to conventional cardiac test the feasibility of the examination.
investigations before medical decision in Technical requirements for on-board systems
certain cases (6.3%). were complied with, especially regarding the

need to allow the pilot to eject safely from
his aircraft The recording ?quipment had
first been tested in a certrifuge.

The cardiovascular system is one of
the major preoccupations of the physicians 2. TEST POPULATION
responsible for aircrew medical
examinations. Clinical cardiology methods Over a period of sixteen years. 1082
and equipments are widely' 'sed: ambulatory french aircrew have been submitted to
EKG. exercise EKG, echocardiog~aphic and medical examination in the department of
scintigraphic imaging, catheterism and Aviation Medicine at the military Hospital
coronarography. Dominique Larrey in Versailles, ii order to

evaluate their fitness for further flyiing
The special occupational status. Sixty eight of them (6,3%)

environments of aircrew sometimes require underwent one or several EKG examinations
the use of more specific tests, such as during their flying activity, making a total of
recording simulated ascent in a 86 recordings. Only83 recordiriq' piesr, ting
decompression chamber or exposure to sufficient crite, ia fo! interpretation were
acceleration in a centrifuge, studied. The iriost prevalent specialty was

that of fighter pilot with 3q, 0  of the
In-flight EKG provides information on population Rid 40% of all recordings.

the pilot's cardiac response in 'perational Helicopter peots accounted '(.. 27% of the
situations. We should like to describe our population, transpoit plots 'or 13% and
experience on this subject. student pilots fcr 9%. Twc of tf-. plots

were from civil 2 elation.
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Most examinees were very present when the recorders ware placed on
experienced aircrew with a mean age of 35 the aircrew. Observation during the flight
years and 2700 flight hours, showed one event of supraventricular

premature beats and one episode of atrial
3. RESULTS fibrillation although no anomaly was

recorded in the last 5 cases.
The reported observations were made One pilot was declared unfit and the

over a total of 154 hours of in-flight others were told to substantially reduce their
recording corresponding to mean mission activity, often with treatment.
durations of 110 minutes.

Results are presented after .orlLtjuciion disorders were the cause
classification of the main indications of the of 16 recordings obtained from 15 aircrew:
examination. The same pilot could be
examined for several reasons, for example: - Six intermittent atrioventricular
premature beats and repolarisation disorders blocks, one first degree block and 5 others
or mild in-flight incapacitation, with associated Lucciani Wenckebach

episodes. These episodes occurred in-flight
There were 97 cumulated indications in 2 cases with no observation of blocks of

of this test for all 83 recordings. These a higher degree.
indications were; - Seven branch blocks were studied,

one intermittent block was observed again
EKG disorders: 60 times during flight. No electrocardiographic
(62%) anomaly was other wvise reported.
cardiac disease in 24 cases - Two pilots wore recorded for
(25%) asymptomatic eSirrus dysfunction and showed
in-flight malaise in 7 cases no worsening of theo EKG during the flight
(7%) recording.

- various problems in 6 cases All 15 pilots were re qualified but
(6 %) sometimn s withr restriction in their flying

Electrocardiographic problems are sutivity.
clearly prevalent, they account for 62% of
the 97 indications. (Table 1). Ventriculair prexqjiAqn was the

cause of 7 iecurdings curresponding to 5
EKG DISORDERS airurew. These disorders were asymptomatic

in all cases. No accessory pathway with
Premature beats were the cause of short refractory period was observed in any

28 recordings obtained from 22 pilots. They of the cases. For one helicopter flight
were supraventricular boats in 6 cases, one engineer we observed that intermittent
with salvos. Of the 22 subjects who preexcitation disappeared at 130 beats/mn
exhibited ventricular premature beats, 2 and did not recur until the end of a stress
showed brief -,alvos. test at 170 beats/inn; but in flight, the

In 4 cases out of the 22, they were preexcitation wave reappearee during an
associated with an underlying pathology, episode of 150 beats/mn sinus -;,chycardia.

During the flight period, the frequency In view of the specialty of this engineer arid
of rhythm d'sorders was reduced in 10 of the results of long term observation, we
the recordings, but increased in 2. decided to maintain restricted activity, as we

Finally all pilots were declared fit on did for the others, with a waiver.
the condition that they would report regularly A cardiological survey was one of the
for medical examination by a specialist, conditions for the requalification.

Suoreventricular Jachbcardias wor6 Only orn case oif repolarisation
the cause of 8 recordings obtained front 7 Xrgukk confirmnd during in-flight EKG was

pilots. One v -s a case of reciprocal found. During the flight, we did not observed
tachycardia, there were 2 cases of atrial any EKG anomaly.
tachycardia and 4 cases of paroxysmal atrial
fibrillation. All these disorders were not

_ _
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CARDIAC DISEAEj 4. TECHNICAL PROBLEMS

Coronary troubj.j were ihe cause of These recordings were hampered by
24 in-flight EKG's for 5 pilots. For 3 pilots, certain technical problems which should not
this was a post infarct survey requiring 8 be overlooked.
recordings. We wanted to confirm the First, the problem of flight safety in
absence of EKG change during the different the case of a pilot tested to verify that he
flight periods ano also during the hours still flies with the same professional skills as
preceding and following those flights, before. In this case, the flight test should be

For the 2 other pilots, there was performed in an aircraft as similar as possible
remote monitoring of a coronary by pass and to the one usually flown by the pilot; the test
an angioplasty. requires a copilot. These requirements may

Following these tests, fitness to fly create a problem for fighter pilots.
was maintained but with important The test mission itself nay
restrictions in activity. sometimes encounter problems associated

with operational requirements, weather
VpIvular diseases were the cause of conditions .....

8 recordings for 6 pilots. In 3 cases there One should also make sure that these
was ninut aortic .,sufficiency without left characteristics are as close as possible to the
ventricular enlargement, 1 case of minor usual working conditions experienced by the
mittal insuffiency, 1 case el mitral prolapse pilots. The copilot may sometimes tend to
aid 1 mitral leaflet billowing. In one case the ".protect" the pilot. Soldo., does the reported
pilot also had ventricular ectopic boats. No acceleration level really correspond to the
major excitability trouble was observed on maxirnum tolerance level such as can he
any of the in-flight recordings. obtained in a contrifugo.

The quality of the recording should be
Hypertension was the cause of good enough to be able to determine which

recordings for :3 pilots, to test in-flight phase of the flight is most likely to show
tolerance of the drugs needed to treat this interference.
disease, In 2 of them, there were also We had to reject only 3 recordings
ectopic beats. In all cases including 2 fighter out of 86 and our experience shows that
pilots, recording were completely installation ut tthe recording systom by a
satisfactory. team relatively familiar with thu technique

produces very good results. Problems wore
A tinor septal hypettroplhy without only boen observed whlct the recording

left ventricular obstrtuction was found in 1 system has been installed by puep lu Irem
fighter pilot. It was associated with outside our department.
supraventricular ectopic activity, which Finally, 1o interpret results, one has to
persisted throughout the flight. know the usual conditions of cardiac

adaptation to the various types of aviation
IN-FLIGHT MALAISE$ stress. Such knowledge can only be derived

from observations made on healthy aircrew.
For 7 pilots comprising 2 fighter pilots

and 5 student pilots, the test was perfomnod 5. USEFULNESS OF THIS TEST
as part of the investigation of troubles that
appeared during flight activity. In 5 cases it We do not know any equivalent of
was G LOC. In 3 cases (duning the test) this work, whose aim is to show the
abnormal sinus tachycardia appeared and we contribution to decision mtaking in the case
decided to ground all of them. of aircrew with flying fitness problems. it is

cleat that this test is only one :trgounent
Finally, b recordings were made, among many.

following fainting on return from flying. In 2 This retrospective study shows that
cases this was atrial fibrillation. it was a positive argutnent ior rehabilitation

One helicopter pilot was recorded in 70% of all cases; often by means of a
with an articular disease. waiver. In 15% it was a negative indication

leading to grounding.

LI



For the last 15%, it appears that it was not
a good indication.

For several reasons (technical

possibilities for example) this was performed
instead a centrifuge test. In other cases, the
two tests were performed one after the
other; usually the in-flight test after the
centrifuge test.

In our opinion, in-flight EKG is most
efficient for fighter pilots because the
different types of flight constraints are better
reproduced in an aircraft than by a centrifuge
test.

We found that the ureatest
contribution of this special EKG mostly
concerns ventricular premature beats. In
these cases, in-flight EKG was performed on
30% of pilots exhibiting excitability trouble.
Paroxystic atrial fibrillation was also a good
indication and the in-flight test was
performed in 28% of all cases. For pro-
excitation syndromes, it was performed in
62% of 8 cases. (table 2)

Sometimes it is also possible to make
a case for a decision after an in-flight human
incident. However, the test was performed in
6% only of the 117 cases that were
examined by our service.

This test cannot be considered in air,
way of a replacement for the major invasive
tests of modern cardiology and it has its
place only after the other examinations ot
traditional cardiology. It should not be
considered if they lead to a grounding
decision.

It is a func;;onal test for confinnatiomi
of a flying fitness 6 cision, providing detailed
information on the adaptation of the pilot's
autonomous nervous system to his
environment and iris function.

L.
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Table I

__________________________________________ { 11 xainjltiiijoii iii 16 yu!,ir. - Perflirilllincu of mi-fliqllit EKG

Ventriculat premnatujre beat 58 7 E30%
Buortli brainchi bluock 27 30%

Alrio-ventrioular blook 158 40%

Atria[ fibrillationi 14 28%

Pry!-excitation 8 62%

rli-f light mialaise 6%1

Fjlght fing~s§ earinations and injjfnigi EKG

Table 2



EVALUATION OF THE EKG's ISOELECTRIC T WAVE IN ATR FORCE PILOTS

Major M.A. Gdmez-Marino
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Centro de Instrucci6n de Medicine Aeroespacial (C.I.M.A.
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Q 
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ABSTRACT: described as leading factors to produce
171 out of 5126 performed EKG from aircrew isoelectric P-Waves. Vary often they are a

members (3.33t), showed some ST-T wave consequence of endocrino-metabolJc diseases,
abnormalities. ionic disorders or phareachological qifects.

We studied 23 out of 171 with isoeloctric Sometimes, as a single manifestation or,
(low amolitude or moderate inversion, but less together with other EKG changes, T-wave
than I ram) in all leads but not in V2-V3 where changes might be meaningful data of underlying
T wave were normal. Six of those, had T wave heart diseases. Veery often isoelectric T-
Inversi6e in III and avF leads. kll of 23 are Waves appear in healthy people due to anxiety,
healthy males, betwon 30-55 years old digestion, tobacco or by no apparent reasons
(43.6±7.3), without associated EKr dissorders, (1,2). obviously, before considering those
lonics alterationa, and iio one regulary findings as non-significant, aviatozs oust
practice heavy exercise, undergo a detailed cardlological exam in order

Eacn one had between 3 and 21 (11.5t6.5) to rule-out any cardiological contributor to
EKG recorders along a following period of 3 to decreasing flight safety.
20 years (13.016.3). All of they has been In our experience it is often to find
evaluated through treadmill test (Bruce along the routine ERG exam, a isoelectrical T-
protocol, submxlmsl'90t), Doppler- Wave in every lead except V2-V3, and we
Echocardiography and 24 hours Holter observed tnat these EKG patterns are
mone'toring. frequently associated with specific findings

We found in 22 cases (95.6%), in echocardlograms (ECHO), cardiac doppler and
echocardiographic criteria of left ventricular exercise test (ET).
hypertrophy (IV septum more than 13 mm). 15
out of 15 were slmetric and 6 were asimetric. METHOD:
19 cases (86.4%) had a mitral filling flow For selection purposes, we have reviewed
paittern tipical of left ventricular the EKG's of 5126 aircrew members, who undergo
compliance disorder, with atrial wave (A) their periodical medical exam along 1993. We
bigger than fast filling wave (E). Only 3 found isoelectric T-Waves in 171 of them. In
cases (13.6%) had normal mitral flow doppler 45 cases (0.80%) t-wave was isoelectric-in
pattern. Valvular or subialvular sortic every lead except VI-V2 (Figure i).In addition
gradient was not found in any cans, 12 of these had a negatives T-waves in III and

Bruce test were negative in all canoe, but SVF leads (fig 2).
in 21 of those (91.34), during exercise or the Exclusion criteria were based on the
first minute of recovery, T waves became diagnosis of hypertension, daily practice of
normals, returning to be isoelectrics before athletic exercise, metabolic disorders, drug
10 minutes. abuse or inadequate ultrasonic windew. The

We conclude that asymptomatic flyers study finally was carried out in 23 subjects.
without coronary risk factors with isoelectric Each case had been followed up, since his
T waves in all EKG leads (but normals T waves initial exam by reviewing a minimum of 3 EKG
in V2-V3), with or without T inversion in III and a maximum of 21 in a period of tima
and avF leads, should be adequately tested in between 3 to 20 years (13.016.3). All
order to rule-out mild hypertrophic examinees were males and aged between 30 and
myocardiopathy, by Doppler-Echocardiography, 55 (43.6±7.3).
and do not focus our attention triyng to found Treadmill exercius test, ECHO-Doppler and
coronay artery disease. 24 hours Holier monitoring was performed in

all cases. A control group of 15 healthy
INTRODUCTION: subjects, with same age range (41.517.3] was

Electrocardiography (EKG) is a requirement at% lied with the similar protocol.
for routine cardiovascular evaluation. T waves None of these 38 cases (both groups
changes, are the wost common finding in EKG. included), following the Sokolow-Lyon criteria
EKG performed in asymptomatic healthy people for left ventricular hypertrofla, had low
has limitations due to their lack of potentials (3) nor QRS axis below 0Q or above
especiflcity. In Aircrews muambers these EKG' 909. In those subjects with Isoelectric T-
abnormalities could lead to discussion and to wave, EKG was replited without previous intake
a wide spectrum of aasesing considerations. of food, coffee drinks or smoking. Other EKG
This problem is specially complex when the was performed after 30 Begs of
subject is a pilot and even more it he tiles hyperventilation.
high performance aircrafts. In these cases ECHO-Doppler recordings were parformed
hypoxia, high Gz's and stress could be an using a TOSHIBA SRH-i6O A device with 3.75 and
additional factor to consider in non detected 2.5 Mhz phase array transducers. Recorders
cardiovascular disorders, supplies enough quality to correctly Identify

Many cardlovascular diseases have been the endocardial limits. MNassurements wJi made

Ia
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from M-mode recorders obtained under device.
bidimensional control, following the Data were expressed as mean values t SD.
requlrements of the American Society of In control group, range limits wan obtained as
Echocerdlography (4). mean value ± 1.96 SD. DIfferences between

Left ventricular end-diastolic (LVDV) and means were assessed by tLh unpaired Student'
end-systolic (LVSV) volumes, and ejection test. P value <0.05 was considered to Indicate
fraction (EF) was automatically obtained from statistlcal significance.
the M-Mode measurements by using the Teicholz
Formula (5). We estudied the extent and RESULTS:
distribution of LV hypertrophy by two- 45 (0.88%) out of 5126 reviewed cases, had
dimensional procedure in the parasternal log- E.U's according to the doscribed pattern. 12
asia and short-axis, and in the apical 4 and 2 out of then had, in addition, negatives T-
chamber views. l'ricarditls, valvular disease, waves in III and aVF leads.
and regional contractility disorders was We did not find signcflcatives diffutences
ruled-out. Assimetry, was considered when the in ages, body surface areas, QRS axis, nor QRS
ratio between each of two left ventricular voltage, between control and abnormal T-wave
wall thickness was above 1.3.(6) gruup.(Table 1)

LV mass was calculated following the Troy Table Is shows the Eco-Doppler
Formula: LV mass- l.05{(IVSWT"LVIDd+PWTI'- meassurements of the control group, and the
LVIDd'I grams, (when IVSWT: intervenTricular normal limit& ton each the parameters.
soptal wall thickness, LVIDd: LV internal end- Data telatel to each one of 23 studied
diastolic diameter, and PWf: LV posterlo wall subjects with Isoelectric T-wave are showed in
thickness), based in ASE criterla.(7) , Table Ill.
Correspondent indexes related to body surface The age of subjects when first Isoelectric
area, obtained from height and weight (8), T-wave EKG was recoided ranged betaeen 21 and
were calculated from LV volumes and mass. 43. taly five cases (signed with a * in table

We used Color-Flow Doppler technique to I11) this EKG pattern was present in his first
rule-out valvular regurgitatidn. Pulsed EsiG we performed. The other cases have
Doppler recordings of diastolic transmItral previous normal EKG records. Negative T-wave
flow velocity profiles were recorded with the in III and aVF leads, were present in &ll
sample volume located at the tips of the records from the first exam.

mitral laflets from the apical 4-chambers We observed in 13 cases, T-wave dilerences
view. between m-iccesive records, appearing some
Flow velocities wore not corrected for angle times sligntly nogativeo, slightly positives
deviation, but care was taken to align the or normals. We observed that negative T-wave
sample volume as perpendicular to the mitral appear commonly when sportive activity had
anulus as posible. From mitral Slow we been increased. Con' ruely, after reducing
calculed the early-diastolic peak velocity (E- exercise level, T ves come back to be
wave), the late-diastolic peek velocity (A- positives. (figure 3,
wave), and the ratio between them. Continous in our normal group, the higher LV mass
Doppler was used for Aortic peak flow range limit was 128.82 g/ml and, as a
meaftsuremeiroa, consequence of that. 22 ,ut of the 23 cases

Exercise test (ET) was performed with a (95.6%) would have LV hypertrophy, but we used
QUINTON 5000 device following Bruce's the limit of 150 g/m' admited by several
protocol. 12 conventional leads were recorded sotors (7) for the Troy method. We have
being valuable when 90% of the maximal heart considored LV increased mass in 15 out of the
rate (220-age) was reached. Arterial pressure 23 cases (68.2%)
was registered with COLIN ST IP-680 automatic These 15 cases had LVSWT of 13 or more mm,
equipment at the begginnlng of the test and and Mitral Flow Doppler E/A ratio less than
each 1.5 minutes. EKG records was obtained at 1.1, showing decresed LV compliance.
the end of each minute of exercise and in the A smiall LV chamber (with LVEDV less than
recovery minutes 1,3,5,7 and 10. We considered 44.46 mll was found Jn one of this 13 cases
the test electrically positive when a ST slope and In other 5 cases. In all these cases IVSWT
of 1 mm or more at 8 Muecs of J point measurement had, at least. 13 mM, and LV
occurred. We measured T wave height in V5 compliance was decreased.
lead, at rest end at the end of each exercise According with this data, we considered
and recovery steps. clearly the diaqnosis oi hypertrophl.c

24 hours Holter monitoring was performed cardiomiopatihy (ItC.M4 in 20 (07%) out of the 23
in each patient using CARDIOLINE LP-300 cases with isoelectric T-wave. All of them
Magnetic memorie recorders. Analileys of data have normal systolic function (EF>51), IVSWT
ware performed with a CARDIOLINE AD 24-Plus of 13 smi or more, with LV mass Vlý0 9/m3 or

L H--I
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with small LV chambor and compliance decressed
(Table III). only 3 cases could not be
included. Two of these cases (number 8 and T 3]LEI-. ECO ;"Pl`LOn REOSUKERXLS III TRE COucol.O GROUP
11), had low EF and do not fulfill the other
criteria, because of that they could held
other patholog.cal status. In the case number I tU MIn. lo.
8 ET w as false positive (Tali um -201 . . .....

Aorta 29.30 3.58 22.28 70.31
LA 31.13 3,16 24.93 37.32L9.WV 316 0.87 ,.55 11.06
LOpWl? 6.68 9.39 7.33 10.33

_TAcI.•I AGE. W4DY SURFACE AREA NN . ,EOSRAtUiN01 15 LYild 49.58 3.43 43.85 90.30CeOsTOL G.0UP AND IN SUBJECTS WITR IS0L.ECTRIC T-WAVE 19 64.40 6.93 51.01 73.70
LVEIR/a' 60.20 3.04 46.44 17.95
LV sal/a' a03.62 I2.8 783,41 12.-2
.aak E 6,.55 16.71 7.300 113.30"UTAUL A65CI0AL -.Save p 0446 A 46.31 12.68 23.42 69.20

V/A ratio 1.74 0.32 1.17 2.339649 60 ]06 63 13.65 76.84 133.31
AgI 41.47 1 7.32 43.61 1 7.2- N6
679 1.63 0.13 1.86 1 0.78 NS v.457
i•tI 54.60 V 2716 49.91 t 16.86 70X+'12.1l 27.43 6 5.97 03.04 I 3.20 93
AVU S-s 27.27 9 5.,7 23.43 i 4.40 2 LA: l "it E triue sa). LVEW: Left Imnt E a4pt41 v.12

tE9UCkv.. . LOPe, Lmto vent, itular pfotarlor 1211 tLhlckt..l
n-15) (p-23) (asa. LVI o I*E vavtricular Internal dlaotollr dianoteo EFr

Ejactivo f"ItoEI'l (4 LVEUVKi: Lift ventrlcvlar snd-diantolic"voil. I..ci, r.eat.v U to Vly *urfc. area kal/a'), LV aala/al:
LS . vantrlcular 5al Ln le'). 16cR 5: Poak.er1y dIvatelioflljliý hhl*J~ ( /l . (ga Is%. Pea E P4kli edartoly d""Illln

950:B•o. y Sorftco Aroe Is'). R5t;: QORS &a 9ngl In fptal ili v eOloIty (camagi, /. Va'o ",Rak latw dn tltIn aililng
plane. UPSl'ili 119 total voltaja in the-e 1a.d.. SV019VS-6, vI doeiiLtY C/aI. 0/A rtol Rals.Ol Es ttansaltral foPk
i.ed 9vva 7o11.3. add to tol lo-d a.L wvt l in v5 or V& laid. trenaioloic lv. veloolty -./.a.). a: gain palo.l, SD, SttAokrd
P! ititlcl prdtiblIly, N2: von rltnllctiLava. 00464 ala dSa;iol , aII.-....: noamll rang l al I .v (ioa ail.969[a).g91an 4a Mean Valuta I St.ndaa D41vialatlovl.

TABLE III: DATA IN EACII SUBJECT WITH ISOELtCTRIC T WAVE

174i LVlaues E/A SMil LVEDV distrib MEG T VPC
ni3 age 9`1 g/1a Eatio TEST SW'I EF 5i.e5 LV matem 111-F SAM ASC HQ5 247

1 37 3". 136,8 1.05 -S 3.1 § (1 46.,4 1RND4ETIC v2 43 23 160,6 0.8 -aR 13.6 70 60.4 SA 0
3 33 27 183.6 1.67 -E3 13.5 70 55.3 SA-MV-AP r E i
4 495 28 11.0 0.8. -0 14.0 75 44.0 SYM"METRIC 2
65 49 8 193.8 0.'2 "9 14.0 86 59.4 SOVHMETRIC v 346 50 36 208.3 9.89 -N 15.0 64 65.1 SA -2V-AP-HV R 12

A 7 32 23 162.6 1.79 -R 339 65 63.2 S¥Y43M:1THIC + 0
C 9 48 29 18,.5 0.82 1 33.0 64 42.0 SYMMETRIC 0S 10 �7 314 184.4 1.09 -E 14.0 61 58.6 IA 0 112 42 22 130.5 1.00 -E 13.0 61 46.1 MO-AP 0 1 0
9 14 46 38 310.1 0.99 -i 30,0 35 74.6 MV-Al' -NV U + 2r 15 52 33 211., 0,66 -C 15.5 69 63.5 SA MV + 4o 16 55 35 131.9 0.76 - W 14.8 30 64.0 : -MV4
u 17 53 33 185.5 1.CO -E 14.0 53 57.2 SyM16EY6 IC I 1
p 16 41 374 155.& 0.79 -K 15.0 56 17.9 9A-MV- 0 0

19 38 21 139.0 6.79 -E 23.0 76 31.V 3YMMETV IC 0
2 40 37 186,s 3.63 -E 12,0 64 51.2 SYMMETH IC + 0
21 45 20 1386.5 0.79 +9 15.5 79 51.5 SYMIN44ETRI"C R1
22 39 16 I61,7 0.95 E 13.7 7 " 54.5 i;YMMETRRIC 0 023 55 42 A50.5 0.11 13.0 70 65.0 SYMMETRIC 0

8 50 43 136.0 0.o5 + 11.2 46 50.5 SYMMETRIC 0
21 35 35a 99.5 3.00 9.0 46 56.7 SYMMETRIC 0
13 30 24 141,3 0.8 - 13.7 71 56.1 SYMMETR IC U

0794 etk' Age of aubjet when first EKG with iaoeicta.ric T waves wae perforae.i. LVI Left ventricular.
EXES. TEST: ruces treeadilt East (electrically poaltive (+) or negative (-), E: T waves turnedDeiotivea during axaerctae. 8i T-waves turneva poel.ives taits ruosvory phase). lDltrib LV saes: (.v
aais diatribution. SRI aebtate antarlor. VI cii velntricular. AP& apical. 5Vi right vsnatrtcir,UEG T rII-aVFs cares with negatlveV T-wave, in III and aV" ECG leads. SAM, Mitral Valve ay.tolicAnterior eotion. ASCi Partial aortic valve leaflets hldid-eyatolic, closeurs. Sil: reptal hypukineala.VPC 24h7 anu6earler of varl'tticular premature complexes in 74 haurn Helter monltoring.(See Tabls 1I for ether abbreviations).

scintigraphy was negative in thees two cases). Oco-Ioppler measBuresents of IICM and
Finally ca:ie nu.nbc- 13 ios u. high probabi- ty control groups, and comparative ;tnristical
of 9lM3 Iit have SWT of 13.6 am, decreased analysis are showed in table IV. Left atrium
couplfance, and high LV hMass, but not enough was significatty larger in the HICK group. We
to reach the established l.hit, so we coud not found it slightly dllatud in 6 out the 20
laicIude it ts HCM. cases, but never above 40 mn. LV out-flow

LV hipurtrophy was Sy|ietric In 11 out of obstruction could not be found in any case.
the 20 cases, envolving dnterior portion of LV All subjecta ware abblo to conclude, at
eeptum in 6 castEs. We did not find any apical leant, the 2nd minute in the 4th stop of the

HUH type. Bruce protoc-.oi, 81i wee clinicaly negative inL



11-4

TARLE IV, ECO-3DOPPLR NFASUREM NTS IN CONTROL GROUP A"

-- if SUBJECTS mITI4 HYPEXT"OP4 IC C4RUO1 YOiATHY

Contro. l 1-1ojenta (n- ) . .. . .n. .. .0....

]JSD Is P aDp,-

Ag. 41.47 3.3 44.20 6.97 9
BS j 1.69 0.71 1.98 0.09 4

'Arta 25.50 3.79 3:.39 3.37 M'
1A 31.13 3.69 34.31 3.46 '0.l0
LVSW7 9.3 0.1 14.53 i. 0.00 .,'D.
LVPeY 6.66 0.30 0i 1.14 0.0 . .

jLnil 40.59 3.43 46.96 3.69 97
, " 6 44.40 6.13 69.65 7.63 '0.05
LVwDVO.' 42.20 6.04 54.46 9.96 '0.0 . ..... " ...... . .
LV .09./a' 603.42 12.86 115.42 43.20 n.001T
p*5 tA 90.50 16.0� 40.15 60.94 '0.001 . -

roak A 49.31 01.69 6.95 19.55 '.001tio ratiO 1.14 0.31 o.9* 0.33) '0.001

p01A 106 .4 12.6 6616.25 15.63 9

S.. a I aid 11 C. b - LI.....*

isA: -o~y joofat Ao. LVUIV: Latt rvntrlnlPad dldltoali

vonlna. C: tetion Traclt lon. LdA: Loft at Lun. Left
vnoftrila.@ L'101 I 1.o7t oartrlcuLar Intalr* I diastolI~c D~l neatr

(1m. pi *iAdlktlCai aio9n1fiatln lanaI. Pe.k Ai Pank lair

dIastonl' tlllng naiocity ins/tag). p 1ak AI_ Peak mortn 0mm Fiqje Ai EKG changes during Bruce test. T-

al.onlty jn.Iaag). rlak Ca atly dallollc fl ling n.locnty wave become positive during exercise,
.g)• returning to basal sloe at recovery time.

all ca.es, ade elect.rically positive i, On.ly

. . . . .. one case (number 21) out of twenty. In this

c case" isotopic study (SPECT, TC-99) was
normal, and dosesed as false positive.

9? j rijFigure number 4 shows T-wave changes in V5
A A..41. i, 4 -. • .A J 1 lead, troughout treadmill test In a norm

-• J " v-+ + • group'. patient. T-wave turned to normal
'during exercise phase of the Bruce protocol,
returning to basal shape in the recovery

.. .. l j j period, We fotl'd this pattern in 16 out of the-• -. 1, A_ A /\Ill 20 cases With HCM (tigure0 51. In the control
1"- -' - group thi previous positive T wave, increased

later, during recovery time.
During ET, systolic blood pressure above

200 mm Jig, or diastolic blood pressure above
So mm Hg was nit recorded. Cardiac arrytmias
were not present.

11 /loIte"r recorders did not show pathologicalJ.jiJ)- . findings. Only many low density monomorphic
PVC. were' recorders in ceases (table 111).
PVC were recorded in 5 control group cases. We
did not find statistical dif,uxuncen between

, 4 . <i .both groups.
j. +14~.L. f ', DI0SCUSrIlONL:

Our findings eugoet that a significant

Iflying p,)pulat Lt. (87%) of asimptomatic
sirorew mewmbers with 11W pattern showinrg

A Isoelectrtic T-wave in all leads but not in V2-
3V, with or without slagative T waves in 11I

and avE leads, are carriers of mild or

moderate tCMs.

L Patient a
9 

21, 45 year. old. Alt his T-wave's abnormalitios are very common in

previous EKG recotds were normal. EKG showed well trained sartmell (9). It was damostrated

on top belongs to a pilot who started three by Toliu-2Ol scintigrafic studies (10) that

misonths earlier a physical training program they do not arise from perfneiollal disorders,

includig isometrics exercises. 
4

' . bottom but literature showed that subjects with that
incudi w reECG's abnormalities have a higher mortality
figure was performed 6 months after quitting rate due to sudden death and necropsy showed

exercce prograim. 'i in many of those cases (11).

Nowdays, it is admited that a IVSW'F o0 13
nm OX more, without arterial hypertension,
aortic ateioslis or another justificative
reason, Is compatible with the diagnosis of

liCH. Very often, sportsman' LVH may lead to a

difficult assess, but it had been demostrated

L.
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CONTROL (n=15)S ~51
--.. '. (n=14)

3

4 ------ ---------- _ 1__ _2 HCM (n=2ý0)

1 (n.12)

REST 81 82 53 84 Ri R3 AS R7 R10

CONTROL E 4.533 4.31¼.033 4.167 4,233 b,.933 s6.9]74.633 3.767 3.857
00 1.801 1.380 1.653 1.506 1.6181 2.313 1,841 1.529 1.163 1.2"pm I 01 0,005°° 1 |

HCM * 0.025 02 025 2.05 2 775 2.95 2.37 o.87 0.3 0,333
So 0.734 0.965 1.428 1.515 i.658 a145 (.919 1.432 I0.17 0,530

, o0,01 0.001 o°° l 1 0o,001 0.001 0.05

Figure 5± T wave high, at the end of each Bruce test tages, in both, control and tICK subjects
group&. Statlstical probabilities (p) was calculates in each stages, compared with rusting values.

(12) that IVSWT more than 13 Jam only appears We should pay atentiun to Twave changqos
In very specific sports like rowers or canoers during ET in HCM group (figure 5). T-wave
arid, very rarely in bike riders. In all of starL to be positive at the end of the Bruce
those cases, LV qpear dilated, and LV second steep. There il a steping increasing
compliance is normal or increasuod (12- 14). until the fourth one, begining to decrease

Though with age LV compliance ducroease, a from the first minute of the recovery time.
mitral flow f/A ratio below 1 is exceptlonal Those litdinn appeared In 16 ot of the 20
to found It in normal people belore age of 55- cases with HCM (80%), and none in the contiol
60 (15). That decreaused compliance could be group, en we consider they are vary speciflc
responslble of the light left atrial of 1TCM. The T-wtve behavlouc may be related
enlat'gement we found in oar patlena with 1|CM. with one cans dencribed by Lheman et al (I9),

Meassurement of I.V mass, may be niore one 11CM in a 52 yu-ars old man, in wich giants
accurate taked by twu-uirnenslonal images In nugative T-waves turned positives during LT.
cases whith asymmetrical LV hypertrophy. It 11as beer. demonntrated that pattens with
According with some authors (16, 17) lit our ilCM4, very often, developpe cardiac arrythelus,
experience to trace accurately, the and Hloltier monitoring dlemotnstrated vantricular
endocardical edge, very Often, has a lot J arrhytmiaa In 45% of these patients (20),
limitations On the other hand, M-mode descrlbed as the most coision form of sudden
recorders under two-dimensional control gave death (21,23). However, in 90% of cases,
us accuracy reproductibles meassuremetlta. sudden death in 11CM patients, it happens
Perhaps, In some cases, we underestimate LV before age of 25. Mlortality appoars to be
nmasi, but movor ovurestimaat it. Never septal independunt of obstructive or non obetructive
or posterior wall were thicker in tie basal myocardiopathy. It is rather cot1umon Iit soptal
segments than in the other segments. In assymletric cases with very rbnorsmi EKG
addition, when anterior portion ol septal wall patterns, including high potenialis,
was larger than the posturlur onle, we abnormalities in ST-T wave and largos anrd
considered the arithmetical mean between both profounde Q waves, having very frequently,
values, familiary history of suddan death ( 24).

Although mitral systolic anterior Mortality is 3 times more frequent when EKG
liuvement (SAM) arid 'uid-sisetlic an-Lt i recorder shows the above described
valvular cloeslog are more cotu•ri, 'n abnormalities (20).
oostructive HCM, it is frequent to find it V, i1 our cases, loiter monitoring recorders
the non-obstructive 11CM (18). Thtsu fIndingq did not show aignificatives &rrythmlas. This
are show in table li. findings are rather different from those

We did not find any obtructivo form of }ICR described In the literature (20, 2), 23).
but, we think that It L dew nut mean that it is Holter monitoring results are similar in the
not possible to find It in sub.(sts with fCGs MCIf group to those in the control group, but
patterns as we destcribud. We should take into less than data presented by Hostl et &l (25).
account that we had been studing d healty Thtoy found VFCc in 468 of HolLer recorders In
population belonging to a risk job, who had normal people, having 20% more then It) and 5%
been previously selected after a carefully flora than il00 across 24 hours.
medical exac, and following a periodical exam. We think than* J1CM Ic a cardiopathy with an
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incidence higher than whit it is currently REFERENCES:
published. In the Reikiavlch study j20), HIM
was found In 0.8% of male people with normal 1.- Lamb LE. Eleztrocardlogaraphy and
ERG, and In 1.1 % of those with abnormal EKG, vectornaroiography. Instrumentation,
with a global prevalence of 1.1%. We have fundamentals, an clinical applications. WU
noted MCH in 0.75 % of hoaltly male 4dult Saunders . Philadelphia 1965: 423.
people, but incidence should be higher it we
include cases non clinically manifested before 2.- Bay"s de tune A. Tratado de
to be adult, obstructive HCMs or other With electrocardlografia clinica. Cientifico-
abnormal EKt patterns, excluded for flying Modics. Barcelona 1988: 289.
duty since the begining. We have not taken
into account cases with HCM and normal EKG. 3.- Bay6s de tuna A. tratado de
The may be not few because we could see to electrocardlografia clinica. Cluntaflco-
change EKG from normal pattern to the xidlca. Barcelona 1588: 77.
described isoelectric T-wave pattern in 18 ou
of our 23 cases. This ECG pattern change was 4.- Sham DJ, De Maria A, Kinslo J, Weyman A.
showed between ages of 21 and 43, because of Recomendations regarding quantitation in ±4-
that we should expect to find new cases in the mode echocardiography: results of a survey of
following years. However, these cases echocardiographic measurements. Circulation
possibly will be rare enough in the time 1978; 58: 1072-l003.
being, once ECHO-Doppler was performed in the
Initial evaluation of pilots, before active 5.- Operation manual for Diagnostic Ultrasound
flying duty. System model $E±4-160 A/HG. Toshiba

Main question arise from the prognosis and Corporation. Tokio 1989.
further management of those flyers. In our
experience follow up dc.s not shown any 6.- Henry WL, Chester CE, Epstein SE.
significant abnormality Lnd we could assume Asymetric s a p t a 1 hypertrophy:
the prognosis as very benign, acctially more echocardiographlc identLificacion of the
than other series described in the literature. pathognomonic anatomic abnormality of 1113S.
In the benign cases described for Spirito et circulation 1973; 47: 225-233.
al (26), across 4 a following of 4 years, 25 %
of his patients had symptoms. In our cases the 7.- Luvi D, Savage DD, Garrison RJ, Anderson
following is much longer (13.0±6.6 years, in EM, Kennel WB, Casteill WP. Echocardlographyc
some cases 20 years). During this period no criteria for left ventricular hypertrophy: The
one had symptoms that we could attribute to Framinghan Heart Stud1'. Am J Cordiol 1987; 59:
his HCM. 1hay did not show ventricular 956-960.
arrhytmias in halter monitoring. Decruasaing
of LV compliance are more relevant than the 8.- Sandroy 3 Jr, CecchinJ LP: Determjiation
findings of Splrito at al (26), Niemaber at al of human body surface area from height and
(27) found those patients more prone to weight. J Appl Physiol 1954; 7: 1-9.
sincope in HCM, whet: LVEDV was leas than 60
ml/mz. Our cases did not have sLncope although 9.- P:as F. Guide do cardlolugie du sport. JB
many cases had LVEDVs smallers than 50 ml/m'. Baillere. Paris 1976: 22

Although thu benign course of those HCM,
we suggest to avoiding heavy exercise, 10.- Serra Grime JR, Carric 1, GayA M, Pone C,
spacialy isometric exercise. Mild aerobic Varas C, Baeys de Luna A. Alteraciones en ei
should not be a forms) contraindication. ECG del atleta del tipo 2 pseudolsquemla. RHe
Ihemann (19: describe a patient who from the Latina Cardiol 1985; 6: 159-165.
almost normality developed a severe HCM, after
practising heavy exercise. We observed, that )I.- Moron Bj, Roberts WC, McAllister HA,
after limiting the exercise, ECo pattern Rosing DR, Epstein SE. Sudden desth in young
improve clearly, as well as improve E/A ratio athletes. Circulation 1980; 62: 218-229.
in Doppler mittal flow, that means and
improvement of the LV compliance. Doppler- 12- Pelliccia A, Maron BJ, Spataro A, Proschan
echucardiography are recomemnded for measuring MA, SpirJto P. The Upper limit of physiologic
LV compliance, as well as EKG and uoller cardiac hypertiophy in highly trained elite
recorder, In the following of these pilots. athletes. N king) J med 1991; 324: 295-311.

Arterial blood pressure mustt be keep into
normal limits in this subjects, since it was 13.- Moron 1J1. structural features of the
demonstrated (28) that hypertension Is able to athlete's heart as defined by
act over HIM leading to more serious formes echocardiography. J Am Coll Cardlol 1986; 7:
with giant negative T-waves In EKG. 190-203.

We think thoes are HIM clinical forms, at
that time benigm forms, but they would lead to 14.- Nixon JV, AR Wright, Porter TR, Roy v,
more dangerous HUM pattezns, with worse Arrowood JA, Effects 01 exercise on left
prognosis. Only one of uur cases was a high ve:ltricular diastolic perfomance in trained
perfomances aircraft pilot, although, his good athletes. Am J Cardiol 1991; 69: 945-949.
flying tolerance demonstrated by Holter
monitoring and during human centrifuge is.- Miyatake K, Okamoto M, Kinoshita N, Ow M,
training, we considered prudent to restring Nakasone I, Sakakibara it, Namura Y.
his flying dutyes to conventional aircrafts. Augmentation of atrial contribution to left

We think that isoelectrics T-wave like ventricular inflow with aging as assessed by
above described are strongly suspicious of intracardiac Doppler flowmetry. Am J cardiol
HCH, speclally when T wave: turned normals in 104; 53: 586-589.
ET. When we found this EKG pattern, we must
perform, in a first time, a ECHO-Doppler 16.- Geiser EA, Skorton DJ, Conetta DA.
study, and not focus our attention looking for Quantification of left vant,cicular function by
coronary disease. two-dioensional echocardiography.

Consideration of factors restricting image
quality . Am Heart J 1982; 103; 905-910.
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Le pilote "ait [objet d'une surveillance 7 +G (jolt: I G/s). d'une duroc de 20
visuelle grAce A un systenme video perinettant secondes. Le sujet est alors prot6ge par un
d'enregistrer lint6gralit6 de l'6preuve et i pantalon anti-G (ARZ 820), pressurisi, scion
circuit phonique permet de communiquer ei une loi Fran~aise classique de 70 hPa/G
permanence avec lui. (environ I psi/G), de 2 A 9 +G, II peut

Lenregistrement des param&Lres 4galement pratiquer des manoeuvres anti-G
physiologiques comporte. volontaires. Ce deuxieme lancement est
- le recucil do lactivit6 6lectrocardiographique conforme au STANAG OTAN 3827.
(ECU) sur 3 derivations standard,
- la mesure de la pression art6rielle, ýar une 2.2.2. Interpr•tation des r(sultats
mithode acoustique classique utilisaf; un Les donnees recueillies tout au long de
brassard pneumatique td6lcommandd, l'epreuve sont analys6es pour la pdriode de
- [a mesure du champ visuel su," un mnridien contr6le prdcddant le lancement, chaque niveau
horizontal situ6 devant les yeux du sujet. Cette de plateau d~acc61dration, la phase de
mesure est effectu~e grace A une iampe semi- dUcleration, puis 30 secondes c 3 minutes
circulaire de 70 centim~tres de rayon, la tkte du apr~s I'arret de la centrifugeuse. Les principaux
sujet 6tant positionnde en son centre. Elie param~tres analyses, au cours de chacune de
comporte dix huit voyants lumineux de couleur ces periodes, sont la frdquence cardiaque,
bhanche, sdpares entre eux par 1It degrdrs d'are, obtenue A partir de I'ECG, les pressions
et un voyant lumineux central de couleur artdrielles systolique et diastolique et
rouge. Le sujet dolt fixer le voyant rouge et 'amplitude du champ visucl sur le mdridien
ddtecter i'allunage d'un des voyants latdraux horizontal. De plus, I'ECG fait lFobjet d'une
les plus p&ipheriques, a droite ou A gauche. I1 intcrprdtation simplitide, compte-tenu du faible
doit signaler sa perception en pressant un nombre de ddrivations enregistrees.
bouton poussoir situd sur un lat tnanche tenu Les anomalies cliniques d6ccl6cs par Ic
en main droite. L'absence de detection entraine, mddecin ou le sujet lui-m6me, en cours
environ trois secondes plus tard, l'allumage d'dpreuve ou A lissue, sent dgaiement relcvdes.
d'une lampe situee plus en avant, de 10 degrds. Dans certains cas, lorsque l'expertise
Cette nouvelle situation correspond alors A une porte -ur des anomalies de I'ECG, le sujet cst
perte totale de champ visuel de 20 degrds sur le porteur d'un ltolter ECG au cours de l'6preuve
nidridien horizontal, en ce'ntriftigeuse.

2.2. Mithode 3. RESULTATS
2.2.1. Protocole de 1'6preuve 3.1. Donn6es ipiddmiologiques gnirales

L.'dpreuvc en centrifugeuse comporte La quasi totalit •ces 112 dpreuves a 6t6
deux sessions espac6es de 30 minutes. demandd® par le Service de Mddecine

La premidre session coniporte une Adronautique de [lIlA Dominique Larrey, les
succession de plateaux incrdmentis autres etant pratiqudes A la demande du Centre
d'accdldration de 4, 5, 6 et 7 +-G,, ddlivrds Principal d'Expertise du Personnel Navigant.
scion une mise en accd~lration de type ROR Les catdgories de pilotes soumis A
(Rapid Onset Rate) A I G/s. Chaque plateau ost rcpreuve en centrifugeuse sent celles qui sont
maintenu pendant 20 secondes. Au cours de susceptibles d',•tre expo:;6es A des acceldrations
cette pret re session, le sujet ne beneficie pas &Gz en vol. II s'agit de:
d'dquipenint de protection anti-G; par contre. - pilotes de chasse, ayant effectue en nioyenne
il peut eifectuer des manoeuvres musculo- 2 000 heures de vol: 51%,
respiratoires A pai ir du second plateau - didves pilotes, ayant accompli en moyenne
d'acedldration stabilis6e, A 5 +G,, s'il en ressent 135 heures de vol: 38%,
le besoin, pour amdliorer sa toldrance au - moniteurs, totalisant plus de 3 000 hcures de
facteur de charge. vol: 9%,

La deuxidme session comporte une pilotes d'essais: 2%.C exposition A un plateau d'accd~lration unique A

Li"
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Les pathologies ayant motiv6 N'preuve malaises et PC ant 6t Adentifi~s en vol dans
en centrifugeuse sont r~parties en: 79% des cas et en dehors du vol dans 21% des

-malaises et des pertes de connaissance (PC), cas. Les 79% de troubles observes en voil sont
survenues en vol ou en dehors du vol: 4 1% repr~sente par la somme de 43% do nilaises et
- pathologies cardio-vasculaires: 30%, 36% de PC. Les 21% de troubles observds en
- affections thoraco- pulmonaires: 8%, dehors do vol sont repr6sent6 par la somme de
- affections rachidiennes 8%, 7% de malaises et 14% de PC-
- affections diverses: 13%. La rdparti,,n par sp~cialit~s des pilotes

A lissue de 1'6preuve en centrifugeuse, sournis ý lNpreuve en, centrifugeuse pour
on fonction des rdsaltats obtenus, mais malaises ou pertes de connaissance est do 63%
6galement. en foniction d'autres exanions pour les 61ýves pilotes, de 33% pour los pilotes
compldmentaires, Ie spdcialistc du Service de do cliasse et dec 4% pour les moniteurs et autres
MWdecine A~ronautique, a proposL au Centre catc~gories.
Principal d'Expertise do Persornnel Navigant Les malaises en vol ant affec..d en
one decision coneerlant l'aptitude au pilotage. mayenne one proportion do 4 &kvcs pour 6
Cette proposition, connue pour 103 des 112 pilotes confirrr_&3 tandis que los PC en vol oct
expertises, chiez 98 pilotos, dtait en faveur des affect6 en moyennc uaie proportion do 8 dl~ves
decisions suivantes: pour 2 pilotes dc combat.
- aptitude sans restriction: 30%, Dans 53% des expertisces en rapport
- aptitude temporaire de 3 A 12 niois, avec avec cc type do symmntoatologie, l'epreuve en
nouveau bilan hospitalier 4 lissue: 25%, centrif'ugeuse n'a pas5 mis en dvidence
- aptitude par derogation aux normies d'anomnalie particuli&e. En revanche, elie o
mddicales: 13%, pormis do reproduire la syrontomnatologic dans
- reclassement dans une catgorio exempto 23% dos cas. Poor loes 2 - Ao restant, d'autrcs
d'expositions aux acc~l~rations do haut niveau: anomalies ant ýt obsý-ivees il s'agit, Ie plus
17%, souvont, do troubles Lu rytlinie cardiaquc, ou
- inaptitude tamrporaire: 2%, do troubles apparcntds A Ia symptornatologic
- inaptitude ddfinitive: 130%'. ayant motive l'expertise, mrais leur importance

La proposition concerniant ]a ddcision est moindre (par exernple des troubles do
d'aptitude. a 6t6~ 6.tudir~i en fonction do la champ visuel cliez on sujet expel :_6 pour uric
cat~goiic des pilofes expertisds- La rdpartition perte do connaissan'rc), ou plus grando (par
des avis sur l'aptitudo, enl t'orction do Ia example onec130110 do connaissance chox un
spdcialit6 adronautique, sur lensomble des cas sujet expertis6 pour malaise en vul).
poor lesquels ils sont connus, est la suivante: Sur Ie plan do ]'aptitude, au terme de
- aptitude sans ;estriction: 12 &lves pilktes, 15 ['expertise des mala'.scs et perIcs do
pilotes do chasse et 3 moniteors, caninaissancc le sp~cialistc de MWdecine
- aptitude tempuraire: 6 &lves, 18 pilotes do A~ronautique s'est prononc6i en favour des
combat et 2 wnoriteurs, ddcisions suivantes-
- aptitude par derogation aux normocs - ap)titude sans restriction dans 10 cas sur 43
raddicales: I 616vc piloto, 10 pilotes do cliasse (23%), eliez 7 Okves pilotes, 2 pilotes de
ct 2 moonitours, chasse et I pilate d'essais. Dans taos les cas,

-reclasseinont: I I 616ves pilotes at 7 pilotes do I'~pieuve en centrifugeusc a &6t strictement
chasse, normalo.
- inaptitude definitive: 12 &kves pilotes et I - aptitude temporaire avoc nouveau LIlan
pilote de chasse. hospitalier i lissue dans 8 cas sur 43 (19%).

chez 2 &1ves pilotes Ct 6 pilotes do chasbo. La
3.2. Donn&es recucillies en cours d'ipreuve symptomatologie n~a 6te reproduite en
en centrifugeuse par types de pathologie contrifugeuse que dans I cas, et d'autres
3.2. 1. Malaisos et pertes de connaissance (PC): anomnalies ont 6W~ observdes dans 2 cas.

Les 43 cas do malaises et PC, chcz 41 - reclassoment dans des cat44oiies autres quo

V ~ sujets, se rdpartissent a parts 6gales. Los laviation do chasse dans I I cas sur 43 (26%),
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chez 7 &Ives pilotes et 4 pilotes de combat en prononed en faveur des d6cisions suivantes (33
dUbut do carriere, ayant A leer actiF'400 A 1100 cas connus sur 36):
hieures do vol. La symptomnatologie nia 6tW - aptitude sans restriction dans 8 cas (22%),
reproduite quo dans 2 cas au cours do l'dpicnvo chez I 6l6ve.. 6 pilotes do ehasse et 1 nioniteur,
en contrifugeusc; tine symptoniatologie pour troubles du rythrne dans 3 cas, troubles do
diffdrente a 6t6 retrouvee dam-, 3 cas. la conduction danis 4 cas e1 VITA traitdo
- inaptitude tomporairo chez I pilate do chasse mddic;aloment dans I cas,
qui nia pas pr6sent6 d'an'oiali particuli~re au - aptitude temporaire dans 1I Ieas (3 1%), choz
cours do lNpreuve en ccntrifhgeuse. I dI~ve,, 7 pilotes do ohasse et 3 moniteurs,
- inaptitude ddfinitive dans 10 ens sur 43 pour troubles du rythuin dans 5 cas, troubles de
(23%). Celle-ci a 6t& pronoi:.xo chcz 9 &lves la conduction dens 2 eas, valvulopathies
pileles et I pilote do combat ayant 1600 heuresQ. associ~os A des tr-oubles du rythmce dens 2 eas
do vol A son aetif l.a syniptomatologie a &tc el VTA dens 2 cas (dont I traitdo
roproduiteoen centriffigouso dans 6 cas; los 4 niddicaloment ),I
cas restant ont pr6sentd d'autres troubles (voile - reclassemient dans des cat6gories autres quo
noir associ6 A des treubles du rythme eardiaqut laviatiori do chasse dens 5 cas (1411/), chez 2
dmis 2 cas, troubles du iythme cardiaque A type di6ves pilotes Ct 3 pilotes do ehasse, pour
d'extrasysiol)ic ventr-iculaire dans I c-as ct PC valvulopathic dans 2 cas et troubles du iythne
dans I cas). dens 3 eas,

, ans 3 cas sur 43 (7%), Ia ddeision - aptitude par ddrogation aux normecs inddicales
d'aptitude nest pas connue. dans 7 cas (19%), ohez I 616ve, 5 pilotes do

chasse ot I moniteur,
3.2 2. Pathologic cardie-vasculairo - inaptitude temporaire dens I cas, chee unl

Une pathologie card ie-vaseu laireo a f'ait pilate do chasso prdsentant une extrasystolie
l'objet d'une 6prcuve en centrit'ugouso dens 36 vontriculaire roproductibile A l'pieuve en
cas, choc 34 pilotes. Cos dernliers dtalent des centr'ifL-gouse Treis nuIis p)lus turd, A lissue
pilotos de ohasse dens 7 1%" des cas, des didves d'une deuxi~nie 6preuvo onl centritfugeese, tin
pilues dans 23% des cas et dos mionitours dens avis flavorable pour tine aptitude tenmporaire a
6% des cas. 6t6 6mis, Ics troubles reproduits 'ayant une

Los affiections enl cause sont des apparonco bdnigne,
anomnalies do l'1L-CG dens 26 cas (72%), - inaptitude ddfinitive dans I cas, choz uin didve
roprdsontdos par des troubles du idrytbe pilate ayant prdsentd uin trouble du rythnie a
cardiaque et des troubles do la conduction type do Jysfanctieni sinusalo, iepreduit A
(extrasystolie auricldairo ot/ou ventriculaire, l'preuve on centrifugeuse au cours de laquollo
bloc auriculo-vontriculairo du ler ou du 2nd une extrasystolie: ventriculaire a dgalemrent 6t6
degr6, bloc de branche draito ou gauche miisc on evidence.
campiet uo ii~complet). Dens 6 cas ( 17%), los
sulels pr~sentont des valvulopathics moder~cs 3.2.3. Patholegie theraca-pulmonairo:
(insuffisances mitrale e1/eu tricuspidionne, Los affections thoraco-pulmenairos
prolapsus mitral, insutiisance aertique). Dens 4 pour lesqucllos uine indication d'dpreuve en
cas (11%), tine hypertension artdriellc (VITA) cent r:i~geu se a d16 poado, sent au nambro do 9
est on cause (3 VITA sous traiternent (8%). Un cas prdsonte une sarcoifdoso
middicamnenteux et I VITA d'effert). md~diasdina-tlioracique, mais dens Ia majorild

Atu caurs do lNpreuvo on centrifugeuse, des eas il s'agit d'affeetions ehirurgicales
Ia symiptamnatalogie a dtd ropraduito Jans 16 consoliddos (8 cas), consdtitues par I cas do
cas (44%); d'autros troubles ant dtd obscrvds tumoeur pleurale bdnigne opdrdo et 7 cas do
dans 8 cas (22%) dant 3 cas avee P1C. pncumrothorax avant subi uno symiphyse

Sur le plan do laptitude, au termec de pleuralo plusieurs 11ois auparavant, souvent
l'expertise -los pathologies eardio-vasculaiios, accompagndo d'uno rdscction do dystrophie
Ie spdcialisto do Mddecino Adronautique s'eat bulleuse pulmonaire. Deux expertisos ant 6td

effectudes chez le marme sujet qui a prdsentd, a
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4 ans d'intervalle, un pneumothorax spontan6 centrifugeuse, pour dcarter la possibilit6 de
de chaque cot&. Dans l'un des cas, le r6currence des troubles sous acl6h•,ration:
pneumothorax est survenu pendant le vol, au manifestations dlectro-encphalographiques do
cours de la pratique do voltige. type pointes-ondes, paralysie du neff moteour

Les pneurnothorax opdrds souinis i oculaire commun en vol sous acc6ldrations,
l'Npreuve en centriffigeuse ont affectd 3 dldves hdniorragies du corps vitre. Dans un cas, la
pilotes, 2 pilotes de chasse (, 2 reprises pour bonne tenue sous acc6l6rations d'un implamt
Iun d'entre eux) et I moniteur. cristallinien a dtd vduitide.

L'epreuve en centrifugeuse n'a jamais De maniere gdndrale, ces diverses
ni.; en evidence de syniptomatologie en pathologies nont pas did reproduites ou

rapport avec laffection initiale. Dans 3 cas, des aggravdes. Dans 4 cas, des extrasystoles
anomalies do 1'ECG, i type d'extrasystoles ventriculaires isoldes, d'apparence bdnigne, ont
ventriculaires isoldes, ont dtd retrouvdes, mais 6td mises en dvidence au cours des lancenients.
leur apparence etait bdnigne. A lissuc do lexpertiso, les propositions

La proposition d'aptitude du spdcialistc, d'aptitude druises par lc spdcialiste dtaient:
connue dans 8 cas, est. - aptitude sans restriction: 4 cas,
- aptitude sails restriction: 4 cas (I dldve et 3 - aptitude teinporaire: 5 cas,
pilotes de chasse), - reclassement: 1 cas,
- aptitude temporaire: 2 cas (I &lcve et I pilote - inaptitude ddfinitive: I ca,.
de chasse).
- aptitude par ddrogation aux nornncs 4. DISCUSSION
mddicales: 2 cas (I pilote de chasse el I 4.1, Indications
moniteur). L'analyse 6piddmiologique des cas pour

lesquols lindication d'une dpreuvo en
3.2.4. Pathologic rachidienne: centrifugeuse a &t6 pos10e recouvreCn, Lnl

Les affections rachidiennes pour dvontail de pathologies relativeanont rostreint.
lesquelles une dpreuve en centrifugeuse a di6 En effet, dais un ,onombie intpotant
indiqude, sent constitudes par I cas de d'exportises, le diagnostic dtiologique et le
lombosciatique en cours de r6mission, sous pronostic des affections en cause, fiace A
traitement mddicamenteux, et 7 cas do her-nie l'exposition aux acedldrations, sont
discale ayant subi une cure chirurgicale rolativement biens connus ct par consdtucnt, la
plusieurs mois auparavant. Darts l'un des cas, ddcision d'aptitude peut dire prise sans
chcz uOi pilote de chasse, une heroic discale ambiguit. 1I n'en nest pas de monn.e au cours
aftectait le rachis cervical. de certaines ailO'ections transitoires ou rial

Au cours et au ddcours do !'dpreuve en ddfinies, telles quo les inalaises en vol ou en
centrifugeuse, aucune symptomatologie dehors du vol, et des anomalies dont le
rachidienne n'a it6 observde. pronostic, sous acc1lration, est incertain, en

A l'issue do lexpertise, les piopositions particulier pour certaines anomalies
d'aptitude druises par le sp6cisliste dtaient: transitoires do ['ECG ou pour des affections
- aptitude saris restriction: 5 cas (4 pilotes de chirorgicales traitdes pour lesquelles
chasseet I monitoer ), l'exposition aux accdldrations constitue un
- aptitude par ddrogation aux normes risque potentiel. Le spdcialiste chargd d'dniettre
mddicales: 3 cas (tous pilotes de chasse). un avis sur I'aptitude au vol de sujets prdsentant

de ielies symptomatologies et susceptibles
3.2.5. Pathologies diveuses: d'6tre soumis A des contraintes physiologiques

Vans 14 cas, diverses pathologies ont importantes telles quo les acodirations,
fait ['objet d'une indication do l'dpreuve en redoute le risque do survenue dune
centrifugeuse. Les pathologies les plus incapacitation soudaine on vol, ena particulier
frequentes sont les afflections chirurgicales sur un avion monoplace. Par consdquent,
abdominales traitles. Parfois, une pathologie [exposition aux accdelrations on certrifugeuse
atypique a motivd l'indication de i'6preuve en pout lui apporter des arguments prdeieox pour
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formotler un avis sur l'aptitude. De niancirc visuci peripheriquc, alors que la perte de
gdn~rale, I'6preuve en centrifugousc, q~ii n'est chiamp visuel central cst av~r~c, conmmo le
pas un examen anodin, n'est jamais prescrite si drniontrc ]a ddrive du regard qui ne peut plus
les autres exainons para cliniqoes subis par Ic 6tre fix6 sur le voyant rouge centr al. Toutefois,
pilote permettent d'ýniettre un avis d'inaptitudc rnalgrd ces nomibreuses ditficult~s
(Seigneuric, 1993). ni~thodologiques, la mesure du champ visuel

constituc dans la iiajoriL6 des cas un bon index
4.2. Difflicultis ankthodologiques do toldrance aux acc~hdrations, As condition d'en

Le6preuve en centrifligeuse pcrniet le connaitre les limites.
reCocil do paratnk~res physiologiques objectifs
donnant des indications sur ladaptation 4.3. lnti~rk de l'ipreuve en centril'ugeuse
hMmodynarnique et la toldrance des sujcts au Les pathologies I)oui lesquelles
facteur do charge. Des diffioolt6s lpretove enl centrifugeuse est indiquci~ sont
iiithodologiques sont souvent rencontr~es. tr~s nottemtent doniin~cos par los malaises et
(lortaines de ces difllicult~s sont li~es au pertes do connaissanco d'unc part et par des
caract6-c dynamnique do l'dpreuve. Par excempic, anomalies de I'ECG qtli sont souvenit
l'enrcgistrernent 6loetrocardiograplhique pouit d~couvertes au coors dcexanions syst~nmatiques
&tre fortemient parasite par lo reoucil siniultand d'autrc part. Cos pathologies soot A Porigine de
d'un signal 6lectromyographique g~ndir6 par la nomibreuses expertises ellkotu~cs par le Set-vice
pratique do mnatocuvres anti-G volontaires, de mi~deoine Aironautique. Cependant, pou de
znalgrd one disposition particuli&.z des cas sont pr~sciitds A Nkpretive en centiifugeusc.
6lectrodes. Dans cc cas, Iintcrpr~tation do D'uie part, tous les sujets coucernc~s noc sont
lECG pout dtre cxtri~nernnt diflicile. Do pas susceptibles d'trc exposes aux
m~mc, la contraction volontuiro des menibres accl&rations et d'autre part, dans un nonibrc
superleurs pose souvent des problhncns de ilnpoltallt do cas, la d~couveite do causes
moesure de Ia pression artdrielle au brassard. organicjues 00 jpsychologiqoeS SLtl~t pour
D'autres dillicultds iu~thodologiques sont li~es statuer sur laptitude au pilotage (Burlaton et
au caract~re interactil des tests pratiqu~s. Soigncoric, 1992;' Buorlaton ct colt., 1993).
Ainsi, la moesure du chamip visuel btur l'axe Pour la seric pr)sesont~ dlans ctte c6tudo,
horizontal tie fournit des informations quo los inalaisos ct pertos de connaissanco
toutes les 3 A 4 scoondcs. Do plus, elle ia de pr~duininetit ocliz les 6kves pilotes. Eni vol, les
valour cluu si Ic test do dt.tectiow de l'alluniage nialaises sont plutot Papanlage des pilotus
dcs lamipes est bion pratiqoc6 par le sojot. Dans confirnci~s alors quo los pertes do connaissance
certains cas, lattention do sujot ost focalis&e sont plutC~t Ic fait ýios 616ves pilotes.
sui les troubles subjoctifs qu'il pcr~oit, si bien L'intolkranco; aux aocckiatiojns lii~o ic
quIO IC test do chiamp visuel est dt~laissd et Ia une inadaptation cardio-vasutolaie nest
porte do chiamp visuel inesor~o est on tfait observ~c quo chiez on pilote sor quatre, ayant
sup~ricuce i sa valour riiello. Dans d'autres cas pr~sonit6 prc~alablenient des nialaisos ou des
il peut no pas fixer eurrwetomnt le voyant pertes do connaissance. La quasi totalit6 de ces
rouge oentral ot ctlbhtuer- des inouvenients pilotos dtaicnt des 616ves qoi ont fait l'objet
oculaires, i1 est alors n~ocssaire do Ioi rappoler d'une inaptitude dcfinitive. En revanche, tous
de fixer son regard. A l'opposd, le sujet pout, a les pilotes ddclar~s aptos sans restriction (quasi
cot tains momrents fournir des r~ponses exolusivemient des &lvos pilotes) n'ont prdsooti
indliquant uon perte de cliamp visuel momns aucuin trouble au coors do Il6preuve on
imiportanito quo la l)Crto do champ visoel rdolle centrifugeuse. L'6preuve on centriflugeuso a
Cos rdponses peuvent avoir deux origines: dans oonstittie on test c16 dans la prise do decision*jcertains cas, le sojct minim-ise volonitairenieri Ia d'aptitudo. Elle a cortainement perniis i
diminution do sa tol~rance par crainte d'une loexpert, dans on nombre important do cas, dto
repercussion d~favorable sur lavis d'aptitudo maintenir 000 iptitude sans restriction poor des

qui sera 6mis, dans d'autros cas, il pout &hves pilotos on d~but do carri~re, alors quo la

prdsenter des scotonies positifs dans son chiamp tendanoc g~ndrabo est d'6carter cette categoric
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de sujets, sur des crit~res quit sonl souvent contraintes ressenties par lea pilotes aunt
d'ordre 6conomnique (Gourbat et Galid- difrerentes de celles auxquelles uls aunt
Tessonnean, 1993). habituds. Ainsi, leur motivation eat to~s

Parmii lea expertises notivdes par une diffihrente de Celle qui est auscitde par Ic vol
pathologic cardio-vaaculaire, la proportion reel. Frequemnient lea sujeta eIffectuent une
d'anornalies 6leetrocardiographiques est tr~s manoeuvre volontaire de protection anti-G.
importante (72% des causes cardio- L'exper-inenc montre que souvent, malgrd lea
vasculaires). (?ea anomalies pri~dominent informations qul leur sont. dornnces pour
nettement chez lea pilotes conliirmda (77% des praliquer correctemient cette mianoeuvre, Celle-
cas). On peut penser que lea pilotes de Chasse ci eat efl'ectu6c, de fa~on telle qu'eue aboutit A
5oflt particuli&ement exposds A cc type de la sorvenue de sympt~imes d'intoidrance avant
pathologic, en raison du caract6re LoS's [a tin de l'dpreuve. fo~s souvent, dgalcinenit, lea
arytlimogene des acc~ldrationa (C6-e et Coll., sujets pratiqlucnt une polypndc volontaire,
1985; McKenzie et Gillingham, 1993) gndnratrice d'une alcaloac rapide, defavorable A

Bien que l'dpreuIve en cenitrifuigeuse [a toldrance aux accdldrations.
rd&vl des anomalies dana 2 cas sur 3 (cardio- Danas un certain nonihre de cas, toutes
vasculaires ou autres), celles-ci no prdsentent lea conditions ayant favoris6 une
pas de caract~res de gravit6 sous accdl~rations. syniptoniatologie tranaitoire peuvent tie pas
Cela explique qu'un seul casa d'inaptitude ditre rduniea au coura de l'6prcuve en
ddtinitivc ait 6t6 Antis, chiez un didve pilote. centrIif'ugeuse (conditions thermiqucs,

Eni cc qui concerne les expertiaca pour lpayclloaflcctives etc .). Malgrd6 ces difficultds
des cau' es thoraco-pulmionairus 00 ikthodologiques, des anomalies reproduites ou
rachudiennies, pour~ Icaquelles une 6prcuve en aggravdcs par l'dpreuvc en cent riliulgeu se
centrifugeuse a kt6 priatiqode, lc type de gardent one valcur iinportante Car, dIes
pathologic rencontrd eat univoquc, constitu6 constituent souvent l'un des multiples 6idments
quasi intdgrateenirt par Ic pneumnothorax et Ia perniettant A Ixlexprt de statuer sur Ia ddcision
hernie discale traitds chi rur gicalement. Pour ces d'aptitudo. Eni efet, loraqu'apparaissent des
pathologies, ii 6tait rechcrchd une rdcupdration troubles objectifas pouvant entrainer one
quasi compldte et l'assorance de I'absence de incapaciti a piloter, l'expert se prononice pour
riiaque sous -accdldration. L'61reuIVC ell une inaptitudo ddtinitive, cl ccci en tout
centrifogeuse constitue une vdritable "dprCuIve S&1u1i46, enl cent~ifugeoSe, et dana on nomibro
de rdhiabilitation", pratiqude dlans des de cas extrdmemient jinlit6.
conditions de s6CUr'it6 absoUcUV (Seigneoric,
1993). 4.4. Perspectives d'avcnir

Lea avions dle combat qui acront mis en
Doune manidre gdndrale, l'preuve en service dans on futui p)ochO pourront ddlivrcr

centrifiugeose vise A reproduire one dcs acedldrations brutales, intenses et
symptomiatologie attribude aux accdlrations soutenoes. 11 est probable qoc pour lavenir, ii
ou bien A 6valoor Ic fisque d'aggravation, sous sera ndcessaire d'adapter lea prolils
accdk~rations, de pathologies asymiptomatiques. d'accuk~ratiou, au cours du test en
Tootefois, Ia. centriflugeose honsaine nýest quoun centrifugeose, A Ia spdcialitd dui piloic Lec
simoulateur poovant gdndrer des cantraintes pilote d'un avion de combat devant soutenir
biodynamliqucs qui Ioi aunt propit-%s. 11 cit eat 9 +G6 eri lr ie omaAu ete
ainsi des illusions somatograviques de piqu6. cerarifugeoae couvrant le domnaine
parfois. ressenties en vol, n.,ais par'ticulidrenora d'acedlration de l'avion. Eii Cc qUi Co'icer-nC
iinportantes au moment de l'anr6t de Ia Vldkve, pilotant Ie plus sou'ýcnt on avion dont
centrifligeuse. Ces illusions, per~uea de lea performances sont moindres, il serait a
manicre extrdmemnent ddaagrd6able par certains priori prdfdrable de Ic soumnettre A des profils

I s ujets, pourrisient entrainer des troubles d'accdldration mloms 6lcvds, 6tant doond que
diffdrents do ceux q~ii sont produit en vol. De son oxpdrience du vol et du facteur de charge

plus, auo coors de l'dpreuvc en tentr"I~ugeuse, ics lie lui a pas encore permis d'acqodrir one



maitrise correcte des nmanoeuvres anti-G REFERENCES:
volontaires. D'un autre OWt, ces 616ves seront
ultdrieurement des pilotes d'avions de combat Burlaton J. P., Seigneuric A. Les malaises en
performants et if conviendrait de s'assurer de vol dans le personnel navigant inilitaire
leur capacit6 i tok~rer des acc~rations Fran~ais: Etude r~trospectiveo de !5 1 cas. Med.
61evdes. Mais dans cette 6ventualitd un Adro. Spat., 1993, 3 1(122): 128-134.
entrainement spdcifique Ai cc type
d'accdldrations serait n~cessairc pour &valuer Burlaton J. P., Khelifi T., Carliuz R., Didelot
leur toldrance. F., Seigneuric.A. L'extrasystolie vontriculaire

Le sp~cialiste de MWdecirie daris le personnel navigant. Mdd. AMm. Spat,
Aeronautique sera certainement amen6 A faire 1993, 32(126): 97-101.
dvoluer les exportises vers dc nouvelles
stratdgies pouvant n~cessiter ie recucil dc Clere J. M.. Vicillefond H-., Poirier J.L.. Les
donnees physiologiqlues SUPPldemntaires, telles modifications diectrocar-diographiques induites
quo la niesure continue de la pression art6rielle par ics acedl6rations: facteur 1.r~dictif de la
ou du debit sanguin c~rdbral sous facteur de tok~rance? AGARD-AMP, CP 396, 1985:
charge (Ossard ct coil., 1994). Dans la 34.1-34.7.
perspective de la r~alisation d'une nouvellc
centriffigeusc de recherche d~ hautes Cl6re I. M., Ossard G., Lejeune D.,
performances, actuellenient en cours d'idtude, Gucrniazi A.M, lBurlatori J.P.. Seigneuric A.
au Laboratoire do MWdecine A&o-patialc, le ±Gjz medical evaluation of ill pilots with NATO
protocole de l'dprouve en centrifiugeuse devra and local procedures. Aviat. Space Environ.
certaincineiet ýtre adaptd au coors d'une Med., 1989, 60(5): 164 (Abstract).
concortation entre les cliniciens et Ics
physiologistos pour rdaliscr, daris des Gourbat J. P., Gall&Tcvssonneau J.R. Ethicque
conditions de s6curit6. absoluc, one 6preuve de et exp~ertise n~dicale du personnel navisant.
contrainte bien adapti~c aux profils N46d. Adr. Spat., 1993, 32(125). 11-14.
d'acc~l~ration auxqucls serorit Soumis Ics futuis
pilotes do combat. McKenzie I., Gillinghami K.K. Incidence olf'

cardiac dysrythmias occurring during
S. CONCLUJSIONS centrifuge training. Aviat. Space Environ.

Do 1983 A 1993, 112 6~preuves en Med., 1993, 64 687-091.
centrifugeuso ont dt6 rdalisdes au Laboratuire
do M~dclcine A6rospatialc dans le cadre Ossard G., Cl~re J.M., Kerguelen M.,
d'expcrtiscs rnndicales de pilotes ou futurs MelchiorlF., .Seylaz J. - Response of humian
pilotes de chasse, La pathologic en cause ost cerebral blood flow to -I G accelerations. 1.
46~ nettemont domin~e par des nialaises et AppI. lPhysiol., 1994 (enI cours d'ddition).
pertos do connaissance, souvont survenus en
vol, et par des anomalies transitoires do l'ECG. Seigneuric A. Ethiquc medicale et 6prevuvcs en
Dans certains cas, les troubles initiaux ont 6t centriffugeUSe hIumIaino. Mdd Adro. Spat.,
reproduits et analysis. I.'dpreuve en 1993, 32(125): 7-10.
contrifugeose a fourni A lexpert deF donn(~es
medlico-physiologiqlues prieiuses, p)our se
p -ononcor sur la d6cision d'aptitude, dans des
c:&s oiý la s~curite des vols pouvait dtre
engagde. Elie a permiis dans on nomnbre
important des cas cl'tvitcr quo ne soit
prononcec par execs une decision d'inaptitude,
lourde de cons~quences pour les pilotes, sur Ie

* plan psychologique, et pour l'Armtie do l'Air,
sur le plan financier.



13-

IS TIlE PILOT FIT FOR FLYING AFTER AN ACCIDENT?
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It has been recommended thai a pilot should fly as our awareness and alertness towards thc problemts
soon as possible after anl aviation accident or should incerase. It is possible to prevent emotional
iiicidein5, provided hie is medically lit. This tradition stress reactions fromt being permanient and
has been successful in niany cases and has therefore decstructive by leaching avaitois and staff hi charge
becen accepted as the right thing to do in tile flying proper dicbricfing prouedurcs after a crash.
society. Ncw knowladgc about post traumatic Thle Way to perform11 a psychological debriefing after
rcactions related to accidents has led to new allacident varies fromi culture to culture aitd nation
procedures in the Royal Norwegian Air Force in the to nain ti-o dial obyadbifn
wake of a crash, Since anl accident necessrily affiects lro iatin. Itrom10 advisrable tore beycaus debriefn
miany persons, much like rings inI the water after preograze asfrompnter tacirn ionc bneculusc whtrl is
throwing a pebble, thie new poat accident debriefing loedgipon as proeractions int conptbe ultur tayle
procedures cover tlie involved pails after a survivable tpcl aviatn bsehacviorns anoth c ulptible wThtie
accident in additioii to (lie rest of the squadron, A typical' viatsrebehavio hfing a notheria cut re ogThe

ton idrabe troltem with nost delematctedioi which functions when ant accident has happened. Justreactions ar htte Ientusually deetdright a slap onl thle shoulder fromn the flight surgeon after
aflte the accidetit. but are elements in a process the phrysical examuination and good luck wishes, nity

raller haniiuediue rsuls o theacue eent be fatal when the aviator after approximately two
Most signs and syniptoils of emoutional failure III years little starts feeling odd, having reaction.s of
aviators are not easily detected, but may appear subtly itixiely, fatigue and aggression that call not be
in perhibrniaiec, safety. sattisfiction,. and retention expiaimied from his present situationi.
problemts. Oii the other side is the eimotioiial failure When I became inteested in thi~s field twelve meas
pjrocess insidious and itay in its uttermost cosequettee ago. the first case I was confronted vitdi was a .pilot
lead to sudden incapacitation. There are many ta a ctWscefulfrmaF-16Iehd
conditions which ctause sudden incapasitation in that phyiad enjeceuresadwsful frioni age to cont.ineha
aerospace medicine. bitt they arc mainly somataic and nphisicalyin juprieas sond was enoumblagted tocnine
easy to ideiihify. The emotional failure oftiviators, hsf~n rga ssottspsil fe h

howeerteids t grw oer alon peiod f tnie~ accidetit investigation board had finished itshowver teds o gow vera lng erid o tinicin inqitierics. Everythiing seemied to be line aitd (lie pilotsmtall increments which are difficult to recogniz~e. performed his job apparently in the same way as prior
Ainothecr part of the htilure to identify these t ciet fe ~tCltl i eeoe ero
syndromes has to do with the stigmia associated -with tortile acyident prgAms.Prir tom (I=lie adenteloped weaso

emiotiotnal probleims. This stignia is a part of tile soiltmdotonbtti hne idlebcamec
aviaionculurewhic prniugats (le dn tat oss aggressive and retreatetd fromt the squadron's social

of self cotrol is cause for personal htumitiaition tamd
sham. Whn fced ithemotonaly ldend isues life. All these symiptomis developed so giadually that

* *1 lie himself was not aware of the changes in hispilots oiflemi try to iginore their cruotional reamctionis prott hthdtknpae i eilo h
and whteni they feel their dcliiitl tails. tlICY eXPerienBce esnlt hthdtke lc.Hsdnafh

lossofcntrl ad hlpI~ssnss.Pilts xpoing facts was so successful that lie did not obtain intlimate

these reactioiis over time: are tiot fit for flying. After cottwihisOnluulsWatmd ii

an accident such feelinigs mtay develop as a result of cotisult to (lie I nstitute of Aviation Medicine was his
bug erios olemoiona strss hichrefe tolack of physical well beelog. lie comtplained about
longperodsofemlioal tres whch cfe tochest pains aitd digestion disorders. After a thoroughuntreated reactions. These changes are stowv bitt onie itdcleanntoii a cue hth a

cati begin to perceive thieti in cockpit as iincotmplete pediysiall uintfor ditty buwta ths problued iit itliie bes
or late briefings, distractions. poor resourcephsclyftordy.btha ipolesng e

tilaaeient nd nxiey. Wen (ie ilotexhiits emiotioinally based. After several consultatiomns it
subtle signs of withdrawal, loss of liuntor aiid fatigue bcim paei hthscmlit a rdal

P'resente a a'duma. ov'ipumi n,, 'he Cliniical Basis fir Awrrnedival Dri ision Making', Aptll 1994. -'
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started aflcr the ejection. and that tie had tried to stress rcactions whten thecy were prepared for them.
rcprcss these reactions out of fear for becing They also felt comfortable in discussing these
grounded. Nobody had told himi about normial emotional reactions wiith close relatives or colleagucs.
cemotional stress reactions after anr a--cident. but inistead of keeping them all to thenisclves.
everybody kcpt telling him ]how lucky he was that Each squadron has nmade its own emotional
not only had hie surviived thre accident, but hie did not debriefintg program to be put into action after anr
ever) hlave a scratch. This lack of ability to feel accident The programn states when a debricfing
grateful disturbed him, so hie tried to repress htL should be performed to action and who should
problems even harder, participate. After ain accident also next of kill shtould

The result of this accident could vecry well have been) be included, in order to make them aware of normial
another intcapacitated aviator wlto received life long reaction pattcrms in their spouses and thus inform
waiver. After a nrumber of sessions of psychological thtem of the importance of their supportive role in the
consultartee incl~iding infurmation about normal stress reaction process. Ideally this debriefi ng
emotional reaction patternts after cr itical stress program should be run by Ithe squadron itself , thus
intcidents thle pilot 5ttrltcd onl his way back to ntormial underlining thtat lthe reactionts to contc are quite
flying duty. Today lie is a well functioning pilot, normal. However, there should always be a flight

Thc rdiaryquetionuites o b comletd ethe at surgeon or a flight psychologist close at htand in these
lite ardnnutly muestioneamnairstion oe coplted iter sessions in orde.- to teleave the squadron leader of'

theiannual oedincalen containationorkablk ftt some responsibility, and also to act as a safety v'alve
accident ~ ~ ~ ~ ~ ~ ~ ~ i eticdn oti rmral e ase this is needed..

questiuns about the aviator's mental status.

One f-te qestons ead 'Cll ou tinkof ny it the flight surgeon's education they arc taught to be
Onchoof ia the questonsrad "candiyous thamink t of ave especially aware of psychmological and somatic

psycholog ical your p frs ingalodtions? Othet might have reactions after accidettis. Thtey are also made aware

inqerfired with frequenflyrngblael Oithserequetgon of their responisibility to follow Lip aviators who have

depression or- excessive worry, loss of enictory or cndc~c yicdnsada~dns

amnecsta. nricvous trouble of any sort. Few flight Since this programi has beel activatedi thle pilots have
surgeons have been eduacated in critical incident appe~aredl fit for flying ats soon as they htave been
stress t eactiontsand how they tnYay interfere wiht thre relcawrd by lthe accident investigation board. They
pilot's meuntal balance, they therefore have a tcndettcy sthould, however, be made awarc. that they will
to contcentrate Onl the physiological examination and experience a slower progressiont in their training
give the pilot his mnedical classilication based uwm program than normal in the first six nionthis to conkc.
these results. attd also that their cognitive capacity may be reduced

Withi tew infortmation about normal emotional in this period.
redetions atfter accidents and incidents thle teaching In addition they wec leach them tltat tlto- initial
program in avial iott medichitte for both flight surgeons reaction to accident stress is a sense oftiuitral itv.
and aviators in tile Royal Norwcgiatt Air Force Somtebody may also have a strong feeling of imner
contains inttatiction in tltis field. Thmis progrant tas emptiness. It is di fficult to fully grasp what really
made the aviators mtore aware ofwltiel entotional happented. Gradually the sequence of events will
reactions to be expected after air aLcidexit. how long however sink iii. atid it is at this stage that thle
do they last attd how ho treat ltitin. This instruction strongest reactions mianifest themselves. Anxiety is
has mtade psychological reactionN umore accepted One Of lthese reCactions. It is oflen accotmpanied by
and prepared thlL :tvialois to look at psychological tittomfortable restlessness and mtay cauise somatic
debriefings as a matter of routhin. symtplomis like shiverinmg, svetitining. palpitations,

T~teprogam tart wih ai em iewof wichpressure in thme chest nausea attd tenisions itt tlte bodky.The rogain tars wihaaoveiiewni'v-hihjust like the experiences of the pilot I referred to in
S reactions to expect after ami :teeident amnd what to t lte introductionm of this p~aper. Matny pilots will thus

expect if a psyehological'N driehmg is tiot blatue themselves and feel! guilty for htavintg survived

*proma ed it nowing to hacet .?ottoru ta udrstacdtiats when their collagues lost thei: lives. It becontes

mahes ieariert aopiaep inrlthorn am ide undictand h,stte diflicult for thtemi to consemitrate onl functioning

they- have becit exposed to. The advantage of'
performting the debriefing shortly after tile inridettt is Another reaction Ithat are easy to rccogni/ec are the
underlined. Several of the pilots who htave gtone sleep problems. Fallinig asleep mlay be difficult, or tlte
through tlie training piogram have themselves been sleep may be disrupted due to repeatted wakenhigs
in anr accident or incident, have reported back that it dturintg the flight. Dreams may also contribute to
was not so difficult to accept the typical incident



disturbing sleep and makc the person wake up carly
without feeling rested.

Sonic people may feel a need to be alone and ma)
easily withdraw from contact with others. They wish
to protect themselves against evcrything that could
rcvive or reinforce the strong distressing feelings.
Such reactions arc understandable, but should not be
acccpted. bccause t(ic way back to normal social and

work related environments may be difficult and some
people will need trCattmtentt.

So far this program has demonstrated two effects

A) Maintaining the confidence level the
aviator had prior to the accident. and

0) Dcmystifying normal cmtolioz al rcactions
in Dying personncll, which in itself is ia
%ery impuilatttt accomplpishmtzent.

In contclusion: the pilot is fit for flyiing w'hen lc hias
been made aware of"the emotions connected i.ith tan
aceident and what to do if and when they appealr. The
pilot wNill be able to continuc his dutics it he has a
supportive leant that lie can lean onl it the first pcriod
of tine |fter his traunmtatic expeli fecc. For mnost

people it is all advantage to get back to woik and
resume the itornmut activities as soon as possible The
aviator will be able to excccute fhis duties without
limnitations. knowintg that thie enotiolls ftc has gotte

tihouglh are ttoruial and cxpectcd. piovided the tight
surgeon has perlfortcd this patt of tis job cariFull'

S..... L Z~~ '-]~l jl,......•11... . ... -.. .-.... .----
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were often "considered 'fools' and 'crazy' (2)."
SUMMARY 'I'he 1912 directive tromt the Army SLUrgCOn

General onl aviation selectioni made no nmentioni of'
Physicians working ill thle field of avtatiott a candidate's personiality or p)sychological Statusi
medicine have known from the earliest days of, tile (3). Later that samec year, the Navy largely copied
specialty that thle psychological Ititriess 01 aviatoi s the Army standards when creating Naval Circular
was a critical element in ininimizing aircral~t. Iet ter No. 12,5221 titled Aviation D~uty: I'hysicat
accidenits. ýStudies, spanning 8 decades of aviation. pyxamniwauion of Candidates. The only si gn ificant
have delmonstrated that th1e laijority ol aviatioti a-ddition it) the Ainty's directive, was amringle line
accidents have been thle tesult of hluman Factors;. stlittng. "... atty candidlate whose condition shows
Selection of psychological ly lit candidates and that tic is inclned to any excess that may disturb
mloilitotiiig tie status of designated Naval Aviation hIs m ental balance or ito alcoholism, should be
pImsonnel has thus been one! of the major tasks reCjected (1I)." Applicants were accepIted provided
performted by Naval Flight Surgeonis. To guide they laid enou1gh mmm eivand passed thle newly
theni, thme concept of) Aeronautical AdaptAbility ha~s developed av intion physical oxamih ationl (4).
been dleveloped. Conqxoscd of two similar buti
separate concepts, the fitst one, requires the flighit I -,lty physical stnnaillrds wet e s~t i ligent.
surgeon to evaluate the mlotivation, teniuperamnimt, Resimiiding to mpoxrts tmll an 1ca et 13 itai n that
flexi bility, and appmropriaite psychological det'ense "Niniety of every I (Xl Biritish aviators killed diiiing
mechanismis of aviation candidates. I'he second this pcriod died because of their own individual
conmcept iiccepts that once designated, ank aviator deficiencies and of thesu. (A) were lfound ito have
has proven his ability to adapt to tile rigor SOf Ix~cn directly clue to physical det-ects (5)."
aviation. Still, it requires montitoring of the Ameriican flight iurgecons created physical
eXpe(rienced aviator's Isitterti of eoping with the stamidards ito ensure that "no aviator shall tail iii lis
stresses of aviation, and pr-ovides thme meauns to fi id mission because of discoverable jhyrical dlefectN
designated lsersomilcl Not Acromnauically
Adaptable should inaladaiptive behavior altact thle
safecty of hlight.T'his paper will explore the early) Not all believe;d Such ideal standards were
psychological standard-s in tile t I S Navy, theni necessary. imsssistant Surgeon R. P1. P'arsomns was tile
discuss Aeronau~tical Adaptability as it evolved first Navy physician to dimuaiiemt his dissent. Ill
over thez last I5 yeairs. It will discuss the rational April, 1918, Dir. Parsons wrote: "Our Navy has

* behind tile current Concept an11d s'how linis already rejected hundieds of applicarnt because o1
* Aeronautical Adaptability pov ides a fair, tinitly trivial minor deteccts, nmost of whom, it is saf(e ito

systemn of reviesv to hielp the U.S. Naval Hlight say, could have become successful aviators (7)."
Surgeon pro css difficult cases. that c cull present Troubled that to niany of these "lvrlect health"
anl tnacceptable safety risk in Naval Aviation. nion were unable to completeC flight trainm ing, lie

1. ERLY TANDRDSbecame "convinced also, that there is ii someiehing
I. ARL STNI)RDSelse, Whatever it mlay be, worthy of' inlvestigationl,

and which should be deemed fully as iimportant as
[light surgeons have laced the chiallbmige of For''~' use as a c~itcrion by
selecting qualified flight twaining candidates froml whic me r i)b slced... jce i
muilitary aviation's earliest days. Initial physical whcrichmentar tobeselecte avaors"B rejecsted in th

stadads were smi flngless thanr two pages rcuteto tdn vaos l nsinnsitande filnuxperieniced flight inlstructors, lie hoped tli id-irtif'y
(I.). While any phIysical del'Wt Was IgroutRlds fbr "the mitost es'sential qualities" eontiibutimtg to tile
rejection, physicians working in thle field of makimig of a successf ul aviator. " 'l'o a man, those
aviation medicine before World War One paid surveyed identified: "(1) Coolness unrder strain, (2)
little attention tol the psychological quailificainlons hkependableness to always do the correct thing atai

of' thle app~licants. Flyers of thait eta critical moment; (3) Mental and physical alertness;

1t',esented'c ac c Synmposium on '71wc C~cjinrtl asis for Aocccmierical Dceicisri Making', Apvrl 1994.



(4) Laick of any inherent fear of being ill the air, Aeronautical adaptability. Graded from It to
and (5) Pecrsistence and perseverance in his 4.0. When derogatory impressions are obtained
amblition" as tile ingredients necessary "to becomle they will ble tile subject of a confidential letter
a successful aviator." to tilc bureau, accomp lanying the forwarding of

F orm No. I. It acronlaut ical adaptability is
TIhe instiuctors disagreed onl whether "the graded be~low 2.S and if otherwise physically
temiperamenital type oif extreme stolidity or dhat of' qualified the recommendation will read:
great nervous energy" was the preferable "Physically qualified but not temperamentally
pe'rsonmality style for the ideal student. Parsons adapted (10)."
devised 10 clinical tests to determine if the
instructors' opillions were valid and predictive ol a Vague front the outset, thle grading scale was
candidate's flying ability.T'esting 2.50 students, lie desigiied to ble compatiblel With thle Navy's
found 2 test-, that lie believed had somec validity, 3 standakrd 4.0) evaluation system. Missing were
were of no use mid in suffieiciit data was available critci a upoin whlich to assign %,al lies. so Ilight
(il thie other 5. Ilec concluded that mlior woik wvas surgcolis used their judgment to gradt candidiates.
neceded to standardiz.e tests thiat could be used to A A 'ecamie an integral part of thle Naval F lightt
sa~lppleieniit physical examts, there-by mi imov ing filie Suigeoin lexicon in 19 27, aiid has been ia reqluired
efficiency of the selection hprtcess. determniiationi onl every flight physical, inicludinog

"-winged"' pet somin, since that time.
2. BEGINNING OF AERONAUTICAL

ADAPTABILITY Ivers;on's report to the Blureau of Aeronatitics
focused attentioii on the problem. [in 1928 Khoades

It ' 'ould tllplxit that l~ai so's paper had little effect decS~i i bd thle state of the selection process (I I).
onl tile Navy. Stanidards published iti 1922 by hI act canididate rce~ived an extensive physical
Neuberger cited the need to carefully select exam, which was followed by a psychological
candidates, stressing thle reqairemtents of "mncitfial evaluatiomi, cm isisti iig of a review of the
attitiude and physical fitaiess (8)."'I 'otali ng 28 candididale's li fe ito that misalit. Metnory mid r''actionl
patgus, the repiort frequently iiimitioned that timeI svACr me1aSMred by a Word reactiil test Very
candidates be '"ientally quaililied'', yet tie ICr similar to, otc(ieciatect by l'arsomus iii 1918I ('7).
del'iined what was mentally qualifying or F romn tile interview the flight Surgeon was to plaice
disquialifying. tile candidate into one of three' classes of

lcr-sonality characteristic,. - asioveaverage,
In 1927, troubled by the high cost o~f flight average, or below avenige ('Fable 1). Aenonatit len
trainling, thle Chief of the lBurcau of Aeronautics adaptability was tile flighit surgeon's
seat a letter to the C Oniiiiaiidaiit oh tile P'ensacola '' prognlosticationl. asto whether lie will pass or fail
Naval A ir Statiomi, lxiini thg tiut that P~art of thle the cotuse'' (11), taking i ito acco uimt physical, as
expiense was due it) excessively high student well as. psychological fitness based onl the
liil tile rates (9).T1'le S uperni ncidcii of Aviatioii pirehmiiteraiice of- characleristics the caiididate had
,I~rainitig turt'ed to Itis fl ighit surgeons for iii a givenl chluis.
suggestions.

lnpiirvcieitts wel c bc'img made, hu ml figlit
Li eutenaint Commanaider I ot.11 I versont, NIt. .1 a strgcols were. stilt troubled by thle select ion
iicniiim of the f*irst Navy class ito guiduate lroii liocess. Ilkstadt t,12), in 1929), atid I Itiseltomi (13)'
tilbe Army School of Asiation Medicine, was iii 1931),stressed tie tieed for more icscarchI into
alieady wom king on thie prohlmtei. 'Ie pirev ious psychologicail factors. i lkstadt compared success
year, I verson mid I icutemuiat 11. 13. C routinecs, MC , and l] falure rates in candiidates whoiic physical
ha' I impletmetted a toutine iilctlssJ of evaluating bindings were close to filhe limits for
thle psychological I ilness of candidates. I vetrson disqualification, as coiipared to studenits who
would conduct I lie physical examiination onl each approached thle ideal. I IC concluded that "(1)
candidate. after wyhicht (ruminnis obtained their Withtin qu~alifying' limits, tno correlation exists
psychiatric history. Eachi miedical officer Wsould bect weem physical findings atid ability ito flyý (2)
attempt to form a definitiivs' opi nioti of a Suchl physical fiindings Were nok indication o
candidate's aptitude. I verson and C iuninmcs lien aerona1utical adaptability; (3) 'Ihc physical
tn'' at the. end ,l s t he in1y to discuss eacti cadiet standards now itureunir nrc not directed tossard
Alter assigning a numerical g~rade ptedictive ofihis adaptability and neither increases nor decreases a
probable StteCMs or failure, thle Subiject's pIojgieS student's chances to qualify as a pilot; mid (4)
in flight schoo~l was mlonlitored. .\crotautical Adaptabi lily iroist he determined

I mal Iversoni's aiid Crummutes early work catte thle tirui '2npyearicxniiio(1)'
concept of Aeronautical Adaptability (AA). 'The I lascilon's article appeared in the very first editioni
1927 edition of the M'aiiual of thie Medical ol''l/zr Journal of'Aviutiuoz MeLdici ne, immediately
MIM~Am1 maCt Was tilie fi rst official Navy iisti act it'n preceding I Amimglcre's classic ailicle onl piloits'

to use the( terii: li'rsonalities (14). D~iscussing thle hiigh pexteotmige
of failures itt bkitl Armty and Nav'y fli glit trainimtg,



'laselton believed that manly of thete failuies were courage, while intelligence, coneenitiation, and
due to, .... the inability of the flgtsrenand reaction timec had little predictive value.
medical examiner to determine the psychological
equipit)' nt for flying or Uwe applicants brought AS a result of, file cl hus ol S uttoni, I~e X. .lc r
before hinm for examination ( 3. crcfrzd others, the 1937 Mainual of the IMedical
that a candidate's tenmperamient and personality D eparntment definition of AA was changed to:
were important factors in iablttoajsIt li Aeoatcldpaiiy:fe ieaviation environment. Il obere that extremsAroatcl dpablt:Afe h
oil either characteristic made success unlikely, examination leas been completed, the examiner
I laselton also placed "tics, tremors, or the epi leloid Nshall make an assessment of thec inldividual's
diatheses" outside considteration of onecs qualificationis for flyiing, baised ulxfli rite
aeronautical adaptability, "as these are considered physicail findings and theL result of (lme
physical om psychiatric inaniffestatioit and Should nciuropsychiatrii: examnination. "'bile ino
be divorced From t~he psychological examination i udi vidthal will p~~esalgotil tmiaits, or all
(13).'' 1 taselton was unaware that his opinrion b)ad ones, thie emonnitr %-.ill suninali i/e I uts
accurately puredicted the foirm tie onrkuticil impressions oft tlme i ndiv'idual's He roiilittical
adaiptabi lily would ultimately take 501 years later. adaptability' which shialI be iecor ded as

Favorable or unfavorable. W~hemre iii individual
TABLE 1. RHOADES' PERSONAL I FY GL-ASSES is f'ound to lie phlySically qulalified but his

aeronautical adaptability is regarded as
Above Average Average Imnd isoratile, the entry of- Finding., onl NINISA%-

Cheerul sber ormn 1, as% finally mecoided, sltitll hec
Aggressive Modest ''hyialled ' qiiiIit1,7u o arnutetl
intelligent Moderate intelligence aate.(7
Precise Moderate precision IulwmgI) oe' ok tessuh
Quick Average oloigI-hnyswioic out
Retentive Moderately retentive nelo~t ieitacniaestttr ucs
Controlled Moderately controlled O ne of, tile mloie irnterestinrg attemlpts ofl She 193tt's
Attentive Moder:,tly attentive W;a S thle usC thle Schneider Index aS a Selction10

criteria. D~eveloped by Dr. Eidwaid ( '. Sclijiidr Iin
1920) (18). this cardiovascular rating was Used

Below Average extensively by Ixut It the ntilIitary and C iv il
B ressedAeronlautics Admniiistniiioii to detect cluonie
Depesedfatigue and exhaustioni in aviatots. 'thei Armiy

Stubmsive iepoited I 1)6 applicant lisqU!ili*KermtionIs inl 194 9 10]
Vague Eiailure to achieve adequate scores ( 19). Ilii 1938,.
Slow k ieuteniant (Junior (1 rade) WV. 0. :F ussler Nl(
Not retentive resiewcd 1,021 Conisecutive records of Naval
Restless A viamtionr ( adets at PI'eSacol0a, Comnpam iaing their
Inattentive Scnie c r n ucs nIlgttann.lie

________________________________________ conceluded, "Ili genicial, thcem is noi cor relation
beCtlveen thle Schneidier Index aid a li'rso in's a btllIt
to 11l'( 201)."

3. AERONAUTICAL ADAPI'ABILITY 01" Aloirg mvore traditionmal linies, I icutenailt
THlE 1930's Conmmnanders R, 11. White. Kt IC, amid V. S.

Arnmstrong, MtW, coiitinued to deline traits tail
R~esponsding to, thuec prelxrs, thle Bureau or' were ptredictive of success or f'ailure (9). 1 kitois
Medicine and Surgery sent Capitain 1),G. Suttoit, they correlatcd with success were strong
MIC, to Ileriisaola to analyz~e slction10 crViteria (9). nmotivationt to tly, gpadualiott fromi college, and
A psychtiatrist, Sutton developed art eXtemIiiVe goodijndginenit Failure was precdicted Iin those
imnterview coiti x~sed of' psychiatric Imistor y, indifferent to aviation, tItirse with ito Wductmtioii
personmality study, and pysychological tests,. Iin 193 1 beyond grade school, or those with evide nce. bN
and 1933, 1 ,ieuemiant Ct.U. I )c honecy, reliorted thre history or exami nationi, of emnotionial instaibi lily:

reslt of wo studies of 628 and 677 individual!s (2).
respectively, whbich C aptaini Sutton had indtitiated
(15, 16). IX) Foney coiteluded that unstable Ii19.199, time. (..ivil Act otauties Adnuinisriation
individuals, Which Sutton def'ined its tilte, ''sel!' asked thie National Research C ouncilI to formIl a
conscious, setnsitive, intirospective individuals with commiiittee to research thle process of seleetitig
franik nefurotic tendencies and the unstable aviators (22).'I'he Natvy was r-epresenited on thec
extrovert with his unmuistakable compilensatory Conmnmittee on.Selection and '[raining of Aircraf~t

L rectCionI 01'Well being (15)" Should be eliminated Pilots from its inceptiont (9). As earls' as 1940, thle
froms traininmg. Positive predictive factois f'or Navy started screening Naval Aviation Cadets with

success were stability, aggressiventess, mid early fomms of the penicil and paper psychiological
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Ilefore seiection, candidates are to be with the normal stresses of life. Students exhibiting
intcrviewed by ihe flight surgeon for evidence such behaviors invariably present to sickcall, either
of ear'y interest in aviation, motivation to fly. through self-referral or when directed by their
absence o. motion sickness, and practical instructor. Evaluation follows the cookbookJ appeciation of flight beyond childhood aploach of I)SM-IIIR (29). An Axis I diagnosis
fantasy. Evidence of positive coping skills and would result in either temporary or permanent
good interpersonal relationships sh•uld be physical disqualification (NPQ), depending on the
thoroughly evaluated (28)." prognosis. Axis II Personality Disorders or

Imaladaptive personality traits that preclude
(Completing flight school was considered ptoxf of continued satisfactory performance in the aviation
an individual's ability to adapt to the aviation environment, even though short of meeting the
environnsent. l)esignated aviators were thercforc criteria for a disorder, would led to disqualification
considered Aeronautically Adapted: as not aeronautically adaptable (NAA).

"Thosc having demonstrated the ability to the model for designated aviators makes the same
utilize long term appropriate defense assumption that Caveny made in 1945 when he
mechanism and displaying ,he temperament described fleet aviators as: "the stablest of the
"and personality traits necessary to maintain a stable (25)." Those aviators presenting with
compatible mooxd, suppress anxiety, and situational stress, anxiety, poor coping, or other
devote full attention to flight safetr and problems of a perceived psychological I
mission completion (28) psychiatric nature would initially be NPQ pendingap)propriate evaluation.

l)SM-IlI significantly changed the way Naval

-light Surgeons approached the problem of An aviator with an Axis I diagnosis would be
delirIng aeronautical adaptability. Prior to it-i treated as is a candidate with a similar diagnosis.
publication, the foc us of the Navy's selection except the potential for the designated aviator to
prtess wa% to identify trails predic•tive of a receive a waiver is greater (30). An aviator with an
candidate's success. Iongacre's classic study Axis II diagnosis is more difficult to deal with.
provided a list of favorable traits that an aviator Rarely is an individual with a true personality
might possess, and led to creation of the ARMA, disorder able to complete flight training given the
still used by the ( U. S. Army and Air Force to select stress levels involved. A few do. What challenges
candidates (24). Navy, Army, and Air Force the flight surgeon then is deciding if the pattern of
researchers hi'vc tried for years to divine the magic nialadaptive behavior is chronic, and if it interferes
combinkion of physical, psychological, and with safety of flight, crew coordination, or mission
pei-,Ainlity traits that would guarantee success in completion. Given the large investment the Navy
military aviation. The trouble with that appioach is has made in training an aviator, all cases involving
that the requisite characteristics of the ideal aviator designated individuals mu.vt be referred to NAMI's
have long bcen elusive Departmnent of Psychiatry for cvalation (28).

kinder the Navy's current concel)t, during the initial Motivation, performatace and technical ability have
physical examination flight surgeons strive to yet to be mentioned. Under the current concept,
identify characteristics that would p~vvent a designated personnel whose nu tivation. aviation
candidate from completing training. This model skills, attitude, or flight safety record are found
assumes that a properly motivated candidate, wanting are ieltCred to an administrative board to
pIssessing normal temperament, flexibility and deteimine their fitness to continue in aviation.
defense mechanisms will be able to suppress any Medical opinio_' regarding whether an individual
anxiety associated with flight training, and devote is PQ NIPQ and AA / NAA are considered by the
his!her full energies to completing the program bxoard, but ate not a bar to administrative actio
(28). It should be noted that few Student Naval even if they are diagnosed as NPQ or NAA.
Aviators (SN A) would be able to discuss the
concept of suppression as a defense mechanism for 6. SUMMARY
flight related anxiety, yet they aic taught early in
their flying career of the need to leaving distractioi It is interesting to note that the Army's and the
issues on the ground by focusing on the task at Navy's psychological standards developed along
hand or "compartmentalizing". pmrallel but largely separate courses. That is not

surprising when one considers that during the
Should the individual's psychological dcfense period of 1919-1926 and again in 1936-1939. 56 of'I mechanisms prove inaducItiate to deal with the the first Naval Flight Surgeons trained alongside
stresses 3f flight training, the mndel predicts that their Army counterparts at the Army School of
dysfunctional behavioral pattcrns will appear. Aviation Medicine (31). Still service d'fferciices
Thbese patterns include poore performance. training existed then and persist today. The Ar'my and tht:
difficulties, poor stress coping, flight anxiety. Air I orce currently use the Adaptability Rating for
difficulty with crew coordination and'or Military Aeronautics (ARMA) to guide in the
interpersonal relationships, or an inability to deal selection of candidates (24). The Navy uses a

L a
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similar concept termed Aeronautical Adaptability
(AA), which is broader in scope as it applies to 10. Manual of the Medical Department of the
both candidates and designated aviators each time United States Navy, Washington,
the flight surgeon interacts with them. Government Printing Office. 1927, pp 196.

Advantages the Navy's concept of Aeronautical 11. Rhoades, G. C., "Examination of Cand'dates
Adaptability offers include: for Aviation Training", U. S. Naval Medical

Bulletin, XXVI, 1, January 1928, pp 502-
(1) Model directly correlates with DSM-I1I-R and 517.

Secretary of the Navy nomenclature separating
physical and nonphysical disorders. 12. llkstadt, A., "Physical Qualifications and

(2) Provides a method of disqualifying individuals Aeronautical Adaptability". U. S. Naval
based on their impact on safety of flight. Medical Bulletin, XXVII, 1, January 1928,

(3) Us,-s established criteria to categorize pp 9-16.
behavior, helping to standardize results.

(4) Provides a fair system of review of potentially 13. Ilaselton, F. R., "Psychological
controversial cases. Considerations in Judging Aeronautical

(5) It is easy for Student Naval Flight Surgeons to Adaptability", Journal of Aviation Medicine,
conceptualize. 1, 1, pp 29-32.

(6) It uses terminology that has been in place for
over 60 years - it is accepted and it works. 14. l.ongacre, R. F., "Personality Study",

Journal of Aviation Medicine, 1, 1, pp 33-50.
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VESTIBULAR EXAMINATION IN PIL3TSI SUSCEPTIBLE TO MOTION SICKNESS

Willem files, Bernd de Graaf & iclte E. Buos
TN() Fuman Factors Pscsarch InstitutLe

P.OBox *23, 3709 ZG Socsterbcrg
the, Netherlands

1. SUMMARY pilots, with emphasic on the applied veuqtihular cxami-
An analysis is presented of data obtained from vcsti- inations.
bular examinations onl student pilots pronle to airsick-
nessi. It is shown that those pilots who were. most 2.1 Timte msitlsty or the Research Programme
susceptible during the initial flight training courae, in Data presented here have beent obtained from a
thie laboratory even suffered from mild conditions of the research programme onl air sickness initiated by lthe
Coriolis test, Abnormal postural behaviour in thle l ilt ing RNLAF in 1983 and carried out by the TNO Human
room tc'it, or long time Constants of thle lsystaginlus Factors Research Institute at Soesterberg. lIn 1989 tile
decay after suddeit stops fronm constant velocity rotation, RN LAF changed the selection procedure for student
do rnot contra-indicate a sucresful desensitisation pilots. Therefore, the data set is divided in two parts,
pirogranmme. A Practical Flyinig Solection considerably One obtained in the period 19H3-1988, and one inl tile
diminishes the number of student pilots sufflering froin period 1991-1993.

*airsickness, Those who ptassed this t~est, biut got
neverthecless inlo motion sickness trouble during the lit tile years 1983-1t9M rio par'ticular select on onl motionf
pilot training, were, succestally treated with a desensiti- sickness susceptibility took place by the RNLAF. If
sation programme. during the elemeuntary tlighit training studestt pilots were

about ito be suspended front the training because of air
2. INT14ODUL1'ON sickness combined with bad flight performtance, they
Motion sickness may lie induced by moving around in were referred to the E-NT Dept of the Vrije Universiteit
anoither way than during normal walking. It is therefore at Amisterdamn, Thore they were subjeCctd to routine
not surprising thaut, dependent onl the flight profile, crew eqailibriuni tests, and tol tests especially directed to
and I~asscngervs of civil and military aircraft someivarmes obtain informiation about Motion sickniess .susceptibility.
suffer from motion sickitess. Motion sickness may The primary ainm of those tests was tol isolate any
become a serious threat whent the pilot is incapacitated vestibular causes for the studcrits' susceptibility to airsic-
to do his duty because of motiont sickness. So it mtakes liness. At that time excepitional motion sickness suscep-
sense ito look for selection tests on motion sickness tibility did not result in a follow-up iii tertits of a
susceptibility. Since it is generally agreed upon that a dusensitisation programme. It simptly meant the end( of
ftunctioning vcstibular systemt is required in order ito get a career as a pilot in the RNLAF. The data of this

!hmotion sick, macht effort has been put into the research period are presenlted in section 3 and concern 17
onl vestibular tests for scIcction onl motion sickness student pilots (data set 1).
susceptibility. Several tests have been described itt tho Fron, 19819 ott lthe RNL.AF introduced in tile selection
past [1-31, but the validity of thtese tests is equally oftetn promcedure a io-called P'ractical Flying Selection p~hase.
questioned [41. If dut-ing these; sorties control of dile aircraft was

* In practice it turns out thtat most student pilots who returned ito the instructor because of motioni sicktness,
*experience motion sickness Overconme their problemts the candidates were. tout Of tilte selection process. No

* ~after some flights by adaptation. However, sonic studcmtt actiotn was takent to assess the vestibular function as
pilots runmain sufferitig front these problems. If their possible cause for their susceptibility ito motion sickness.
flightt performancee is afficted because of this. thie lit sotte candidates who tiassed this practical flying
i-risequence is either sutspenision from the training, or selection, however, still mnotion sickners interfered with
optionally a special nmotion sickness desensitisation thte subsycqunt pilot training at Woonsdreccht AFB, In%
treatmntmt 14,51. Thtis depends on the effort an air force those cases th;: present protocol foresees ilt a flight
is willing to put into thteit candidates. It is obvious that sturgeon's referral to lthe TNO Institute fill evaluation of
such a trainling involves money, especially when a parl thie vestibular function, amtd to tlie. RNIAF Mental
of the descilsitisation trainitng is done in anl aircraft. Health Dept for evaluation of psychological contri-
The objective of sthe present paper is to give aim over- butions to the motion sickness problems (pcasommahity
view of the approach of the RN[AF to airsick studentt factors). If both inivestigations result lit a positive advise,

Preienied ai a Symnpostammm vi 'Tiw Clinzical Pashisfr Aerninedc~ial Decision dakting', April 11194. .A



the flight surgeon call initiate a desentsitisation flight. where they are back-seat passengers. Candidates
treatment at the TNO Institute. After the descnsitisatlio a through c never get over their airsickness. Those that
trcatmient, the flight surgeon may advise to continue the do recover face a new critical phase, starting with
regular flight training. The protocol does not foresee training stage 9A when aerobatic.- is introduced. Two
any new desensitisation treatment in ease of reoccur.- candidates, who initially had overcome this stage-, finally
rence of motion sickness during the training afterwards, had L.' return to the Netherlands from Sheppard AFB
After 1989 three RNLAF student pilots have been refer- because of airniikncssi. Candidate r was included in
re~d to TNtl for vestibular evaluation, and tinally also Table I for comparison only: no airsickiness was
for a dlescrnsitisation treatment. They all have teturned observed during his training. The reason for his
to their normal flight training programme, and niotion examination war his deviant behaviour in the Spatial
sickness has not initerfered with their career anymtore. In it Disorientationi Demonistrator (SDD).
section 5 the results oif the vestibular evaltuations of tltese It is not known whtether airsickness occurrcd in other
candidate-, is presented together with data front two candidates who did complete the course successfully,
candidate-. from civil aviation sit schools, who also and if so, how often. Such informiatioii is required
participatud with success in thie dcsewsitisation before the exceptionality or otherwise of tie piluses in
programmie (data set 2). Details of this desensitisatiOnl Table I can be deaternilned.
prograinnic are p)rcsctited in section 6.

3-.3 Vemstibular Tests
The data froin all studenti pilots, liriil to airsickness are Thle pilots in question were subjected to routine vesti-
compared ito data obtained from a conitrol group, balar examination at Anisterdam. This inivolved elect-
Conisisting of student pilots Who passed thle Practical roiiystagnitography as a means oif detectintg spontaneous
liv! *g Selection, biut have not yet started their pilot or provocation nystaginus. In addition, visual ocular
traiining. 'These pilots participate in a longitudinal study conitrol was tested through iiieasurintent of olitokinetic
in whiicl-, they will be investigated onte immore dui iig thme ny~stagini s, smooth pursuit and the ability to suppress
trainling and a third tinie whent they have comipletetd vestibular iy~.magiiius by visual fizatiomm. Naturally the test
their training, They match well withI the anotion sick battery iniclutded rotation-chair tests and caloric
student pilots, apart fromtpo lencs to air sickiiess. irrigation of the labytittths (looking for left-r ight discre-

pairicis which might hiamper asdaptation). By mecans of
3. ý= 1: 1993-198)1 stahiilonsetry, posstural conttrol was deteirmined.l

A supplementary set of tests looking more specifically
3.1 Sub~jects at motion sicknecss, involved tests iii a rotating chair-
Set I comprises eighteen st adetit pilots, who were drtint conmbintation, aind posturography iii a tiltiing moont.
exanmined ott their vestibular function. The majority of Decay of vestibtilar itystaginus slow compionenit velocity
these requests came [room Eletiteitary Flyiitg Traininig was mecasured after sudden stops froiii constant velocity
at EI~ede AB: One student was exitainend because of rotatitn (9IM dg/s CW and[ CCW). The rotating chanir-
umitisual behaviour during selectioni iii(the Spatial drum conmbinationm was emtployed for anr Intersensory
Desoirientation Dettotisrator at Soesterherg, but did Coriolis Test (1(7): Detei mining thme etfect of head
iiot show any unuasual susceptibility to airi,icktruss during mtovemietnt onl well-beinig when thle visual and vestib ular
subsequemit trainintg. This mecans thlat a total of 17 systemis are stimulated separately ('vis' aiid 'yes',
studetit ptilots sufferitig front airsickness were examnincd respectively), congruently (vis > yes >~) or incoit
iii that herid. grueritly (vi,, > yes <). M axinmum chair velocity in tliese

Condiitions Was Wt dg/.s. Tbr relative drumo velocity with
3.2 Airsicknmess 1hlhitmir respect to the chair was 6itt mg/s CW or CCW. lIn thre
Table I shows thie stages of the Elenmenttary Flyinig I yes' condition the light was ..witchcd uff in thm: drumi. A
TIraniing programme at which airsickniess was observed final test lo oked ait posture control iii the tiltinmg roomli,
in these canitddatcs. The table show.' whether any a test which has triggiered devianit responses iii people
medication (ni) was taken during [lights atid the stage susceptible io seasicknecss 101. The subjective liorizoiital
at which the candidate was referred to the University (511I) is also tested here.
Hlospital (U) for examiinationi. Referiral is usually closely
followed by suspension (S) froim the prograitmme. 3.4 Test Remsults
Whenever the Table does not end with at 'S', thie Tabl~e 11 shtows the results of these tests. A '-' indicates
s tuadent in question was not suspended fron the tiormial findingsq. Thle '4 in the first column indicattes att

* hiprlgranlimie and mtotioni sickness did not play it decisive abinornmally high sponitanieous nystagmius. In tlie second
role in his subseqauent career. columnt 'irr' stands for ain irregular opitokittetic

nystajgmus. The caloric irrigation column shows the
Table I is ranked in decreasing orderi of stisceptibility to differroice in ternisý of perceittage; between the two
airsickness. Notice that most of the candidates examtined labyrinths, whereby a discrepancy of 22% or more is
start having troublel at the very first familiariistiomt (F) considered devianlt. Tile letter 'V' indicates that the test
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Table 1. Presence (+) or absence (-) of airsickness for each stage of the trianing programime of the student
pilots (a-r). (U) means referral to the Wrile Universitelt.

F t 2 3 4 5 6 7 8 9A 9B3 IOA JOB IIA JIB 12 USA

a + f US

b + +U + + + S
C 4- 4 + +- +US

+I 4 + + 4 4 US
e 4----------------------+ 4111 + it) i+SU
f 4 + -11n -Ilit -+ +11-n +US
g - +-- - - - - - + 4 4 LJS

It + + +- - -- - - + - + i +-US
i + 1 4 -4 4 + 4 4 + I ± -4 4Us

j +-- -- -- -- - 1 1 4U

k +I +-----------------------+ I 4 + 4Us
I 4-+ - 4 -I Il -I- -UtS

Ill~ ~ ~~~~ -------------- 11 + - - 4- +I
I 4- f- 4- -111 4 - I 4111 -111 1i In i Li
(1 4 4 4111 - ---------------- UL - -- -

--------------------- + -4- - - 4 4 SU
q4 4- 4 4-------------------- 4 U L

iniduced voilhitinig; '(Vy itldicates leilar-vo~laitilig. I'he ' +' well. The obser-vcd Values are pm baibly alit ii utable ito

in the till ing-rOOlli Colui al illdiCate~s U strollger thlan the fact that I lie cajididat e had becen calledi o)U of tile
normial ili~l]lelICC Ili tlie tlti jig visual sin rounlllillgs on1 mtiddle o it t raining cXcrcise loi Ilerorni the test and
lilliure conltrol., lit [lhe subjective Ilori/itiital columni tile Ilad hardly sewIl.% tised for a lew days. Indeed, a rcepeti-
'5 inldicates [flat, allthouglh 11th %Ubjctlive ho~rizrontal Lion o t ile test at a hater date showed no sign ofi
Colnforms (o [the objectiive lioni/oital, the spread oIf the vestibular imballalnce ( on).(te iiiriking aspecct -if tile
individual SI I settings is U11001oralily htigh. The next two rolutine Vestibular examin~lationi is tile high percentage of
C0olulnIS %flow tile lttlle Cins6talo v indicating how tire candidatcs (approx. 211%') whit Vomilied or nearly
slow pha-se velocity ofltile Ilysagnitis alter a sudden s~oii vollnjted dur ing or after caloiric irrigation.
decays to zero. The V aid (V)s againl indicatt; vainiting Flom tile test.% looking liorc spc~ifica~lly at moioni1
and near--vomiting, respectively. Vomititng sometimes sickness the Lilting rwom examiniation did not reveal ally
imceciplitaled thle end (Ei) oI thle test The last loul abilorinlal bhactviolur, stabilonieit ry showed oliy on2ce at
columtnls show (lth; mot ion sickness scores according ito mlole thani Ilorlllal instability, atnd ithe subijective vertical
U raybiel et Al's criteria for the respective head wa% fonmd twice to have a too large st nil~lal d teviatiolt
mlovementl~s during tile different Ilars of tile JIM' (1-2 in the settinigs.
polin~tsindicates slight inalaise, 1-4 points inldicates The lttlne con.Stalt of tile decay of' (lhe lysagnills slow.
motlderate malaise B3, .5-7 points indicates% moderate: nal- coliipooleit velociiy as determiined after a sudden Stop1
aise A, 8 15 points indicates se:rious mlalaise and 16I or From 9t0 dg/s, is nut1 entlarged inl sulljects susepthibl Ito
more indicates frank sickotess 1(,,71).- A scorle of 8 or niotioll sicknless complhared to tile timei conistanits of t1le
hligiher, thlerefoire, signalled thie end of thie test, control groilp (see Table Ill). I lowever., '/11111 iing alter
sunitlelics ol, thle Whillul exalniliatlion. LIIIply sp aces inl stucih a test is quite inusual and considered as anl
tile table indlicate that lntr Ill tile tests were vrun for abl~lornal Ireact onl.
CVCIY ycandidate. h0llteiilc because lit thie canididate's TheC outcomle of tie lnterseiit-'ry Coriollk, Test is
condition (candidates a, 1), f, I and p), sonlctimleN ilir notewoirthoy. (Jil experience with 'nornial' test subjects
other reasons. is thatt, as a rulc, they mlanlage tleo test bati cry withouit

severe hylltptoins of inotion sickness, similar tol the
Thle rottt:nc vestilbular exaltilial ion did mbi show any control group (%cc 1tilde HI). Table i 11 shows lIngl
hard 'pa~lth. ogicul' abnoirm alit ies ot icie than11 aji excessive moinlon sickness scores. It also show.% that tile piilots did
spola~inclus nysattignus (cand idate g) and a significant nolt always go tlhrough tlie comphlete test battery,
(25%) left-right dis~cepaney ill tire calolric irrigation of because inl somie cases naiv~als or Fran~k sickness
candidate Ii. 'the latter icsilt was found duriing all Iolrlinptcd a suspiension~ ofi thle test. Scoring m~otionl
abnormially hligh fluctuation ofithe vest ilular Ilystagall us, sickness duning the congruntu vistual-vestibulalil hart of
while the optoikinetic nymligmuts was very irregular as thie (CT as sceen ill piiots a, 1b, d and e is very un~usual
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Table II, Datm found during routine and specific motion-sickness-oriented vestibular tests at the Free University
of Amsterdam. The abbreviations are explained In the text.

rot chair T (s) intersensory Coriolis 'rest
s|iont vis calor
prov ocul pcrc tilting vis> vis vis
n)sl con.r imbal roo)l stab sh le ri vys> ves vys

a 11 18 22 16E
b 4 15 13 2 812

c 7 18 21V 0 2 2 1OE
d 2t)(V) 22 24 3 131:

- -irr 18V x 14 16 5 1,E
f - toy 22 20VE

g -irr 3 22 20 0 0
h I 17 20 I) 2 2 4

i 1 4 27 25 11 1 1 l0E
i 12 15 2) 0 1 3 5

k 12 21 17 0 161E
X 18 22 20 1 5 ',.

' - 16 17 0 1 1 2
I -r 25/I, - 12 14 i1 3 5

0 ) 12 17 0 1

p 8(V) 22 23VE
q - -ur 1I 12 12 0 2 4 S
r -u a. na. ala. n., 14 23 0 0) 2

(sie also Table 111): Even onie single head mlovemlcnt 5. SET 2: 199() -1993
was sulficieut to cause vounilng, as was the case will
candidate d. For hall' the sixtcen candidates the Inter- 5.1 Subjects
sensory Coriulis Test marks the prematurc end II thie Ii line with the cxplclatioas due to tbe inclusionl of" a
examination. Notice that the (relatively) Mnst serious Practical Pilot Selection phase in 19)89, mtion sickness
cases arc found near thie Lop of Talbe It, which Cunl- was seen less ficqucntiy by the RNLAI:. Three stULICnl
formns to the decreasing susceptibility to airsickness pilots werc relcricd to the TNO IlunanaI Fachrs
shown inl Table I. Rwscarch Institute ill this ilpriod, All tihve candidates

look part iii the dcsensitisation training (see scclill 6).
4. CONTROL GROUP During this tline two civilian studunt pilhts troubled by

airsickness were %,,ulbaittcd to the sama:e tesis and tlook
4.1 Subjects palt in the dusensitisatioau coursu as well.
Twelve student pilots, who had passed the Practical It is dillicult Io rank tile severity (II airsicknicss susceptli-
Flying Selection, but had oit yet started tihe pilot bilily for these five subjects and to include tho|n iu
training were subjected to a large vestibular test battery Tale I because of different training hislOrk's.
at the TNt) Institute, as part of a longitudinal study o,
tile challges of the vestibular paraleters ill the course 5.2 Vestibular 'lests
of a flying careier. They are of the same age as tlle In this period the vestibular examiuati'n look place
referrals, and match quite well, because they have partly at the Vriju Univcrsitcit and partly at the TNt.)
passed the same 1 pik't selection. In this paper only those Hiuman Factors Reseurch Institute. lUesidcs the lnters-
tests ar, presented which are of interest for comparison ensory Coriolis Test, the Coriolis Stress T'st (CST) was
with lthec data Iroin the airsick student ifiltls. added to the test battery. This test requires head move-

mutrs rlom upright to 'A) dg forward inclination and
4.2 Reszuk, back again at two secouds intervals for 120 s during 90
In Table Ill the results obtained from the control group dg/s CW rotation, for 120 s dolling 9( dg/s CCW
are shown. t)nly once smooth pursuit was found to be rotation, subsequently for 180 s during IVA] dg/s CW
not optinmal, the other data did not show any rotation and finally for 180 & during 18M dg/s CCW
abnormalitites. Notice the low scores uln the UrT. rotatinl. The test is stopped either when the subject has

to vornit, o0 when Ihe subject prefers it) stop. )

II



Table Ill. Test results of 12 student pilots who passed the practical flight selection, but who had not yet started
the flight training.

rot chair v (s) InLLersenisory Coriolis Test

sponLt vis calor
pray ocul perc tilting Vis > vis vis>
nyst contr inital roomn stab) sli IC ri ves < ','s Ves <

1 ~ e 18 12 0 iia. 0i n~a.
2 - -- - - 12 14 0 01

3 + -- 14 12 0I 0
4 - -- - - 26 2.6 0tI

S 20) 22 0 0t
6 --- 2t) 17 0 1

7 - -- - - 18 18 1) 0i

8 11 Il 0 U t it i
9 -- - - 16 13 t0 0
lit) - - - - 23 18 i ) 0
It 1 9 0 0t

12 - -- - - 20 14 0i 0

5-3 Results (olic day l'arailiaiisalioii and 3-5 days ofi training),
The results of [lie examnilations are presented in Talle whereafler the studenits are supposed to continue flight
IV. Solve tests rvvealkid albuomuelities, but the scores- of training without montion sickimss problems. Up to now,
the blteracaisory Corilitis Test are moderate. compared despite this flatsinioty, (lhe five student pilots whoi were
to the dlata set of Tabli; 11. The results oflithe COriolis iccoiiiiieided (to lte desnsitisation progi aIll like,
Str"s Test are given as well: Shownt is the total timte rcsitotded weil.
the subject has performed [lead mjovemntcas, so lite
miaximunm %core is 6WO (see also Fig, 1). Thle treatment isi hased on frequent stinulatioti ofl iie

vwstibular organ with Lthe saint; kind of "inipropor"
6. DENENNtTItSATION Ilaitlriv, of movement as do appear in lthe ilighl situ-
Ini 1974 IDohic introduced a successful training pro- ation. After a thcoretical description of lthe anatomay and
grauniel in Ltue RAF whi~ch was ainied at boosting lanCtiOn of the human vestibiular system, and a thorough
resistance to crmss-cmouplted Coriolis stiniuli, and lthe eXI) lanatio ttn 0`1li geniesis of motion sickness, flat ticular-
tEchttillie is Still appllied With (85%X) success todsy 15,81. y ethlrlniiigipriisisdno: a 'Noit

* 'hi:, desensitisatioti priogianimet has been cribbed, and in lthe air, but plaint on th1n gi-ound, With simiple louols (a
a stripped version of it is now otteredi iii the Nether- counmon turning chair), but aliso) wit I solihistiestri
lands. While the Bl itishi treatmentll comprises thiree stinmulus apparatus (3iJ-rotat ing elteii tilting rotmr.
subsequeut stadia (a one week asscssnlettt thesae, a 4 horivi atal anud veutical oscillator!,). This demuonstrati nt
week ground phase and a 3 week flying phase), the quickly proves fthe pilot itt which situations syluptonts of
Dutch programn consists oft oine week ground training mo1tionl sicknoss are to hie expurled and iii which not,

Table IV. Resultu of the vestibular tests of the five student pilotls examlttud Int lthe PUrlXl 1990-1993. suo for the
lay-out also Table Ili. CST stands for Coriolls Stress Test.

totl chail T llnter!easoly Coriolis

*Spoint viS 4: or1 CST (s)
puI~v oral tpure tilting Vis~ >VI'S vis>. before
nlyst cortr nitial rooln slt)l sIt le I i yes>. yeN yes < doliens

A - - 5 19 17 11 0 (0 0 4101
B3 4- 19 - - - 22 26 11 2 4 9 2A1

- - -. 19 17 0i6(
D Will.- 12 12 0i t 0 t 01 3

Ei - 5 4 1 12 20 0 t0 3 6 270

u--A
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and even miore important, that what in his mind &cems

10 ,Rq'(s L90'/s R 1 80,s Li6/ to he a very complex and diffilse matter could be
bef5~ore dsenson.Slnta, A] rdue to one simple cause. After being familiarized

6- after dtiasn'.llio.i this way, the proper training commences. During the

6 / I ten subjects undergo twice a day sessions of
cosculdstimulation, in a progressive order over

4-/ the days (being blindfolded and seated on a rotating
chair (angular velocity: 30-180 dg/s), while peorforming

2 -. h-ad movements to tile shoulder or knees, and back).
During this bizarre; stimulation the student has to

0L lerfornl soini comlmon flight related tasks, or has to
. deal with sudden "emergency" procedures.

10 B IThe student pilots treated this way were able ito perform

8 t~~ile Menltioned tYpeC of headinovemients for half anl hour
or more during rotation at (A), 90 and 135 dg/s, and

6 ~finally Ito achieve thie complete Coriolis Stress Test
without problemss. tin Fig. I subjective inotion sickness

4 scores oji Util four conditions of the CST are shown,
before and alter I lie dcsenisitisation treatinciit (U noit

-priluleiis, I =dii.y, 2 =stomach awareness, 3 & 4 =

'L epigastriC diNCO1onfrt, 5 6 i = iiiOdcrate nausea, 7 & 8
severe nausea, 1) queasiness, 10t= voiilltiiig). InI

10 order tII accoimpi psh anl optinlal t rainsfe, tlie reguilar

C flight Itiinimig at Wocnsdrechit AFB3 was continued
83- illiliediately alter the ground traininig had succeeded.

I - Ani evaluation of thle progr animne yielded thme importanice

[ 11112e students attached to the famniliariseatioii phasec of the
4- ~treatilmlili. P'I CM11iably, thle regular education felt short

....... in this resplect (tile explainition anid deionmstration of
o2- tile relationi betweenl human sensory systemis, and

o . disorientation anid motion sicknecss).

1 C ~Evaluation If! thle nystagnmnu aiid posturographic data

8 - r.:veals that it is hard to select paianieters which
corcclate with susceptibility to iitinscnsTi a

(3 - surpiisilig, because, for instance, :I former study onl
seasickness revealed that tilting room exaininatioi~ and

4 - Ntaldlikiiietiy showcd woire; postural instability inisubjects

who were susceptible to seasickness, thiai ini sub~jtects
2 who were imimunie it) scasickncs:.. Jit,'9. The present data

0 - dono support this olisci vatioii for subjects sufferinlg

1 C ~ hni aickicssthough. Only twoi subjects showed a

E infocrmation during tOIL tilting rooml examinilatioin and
8-StlaililmlnEl ry was always nornial.

6-The calomric examnilationl did nolt reveal signiticanlt

precdominaicc.%I hotwevei. vsliiitiiig occurred withl a
4- higher perceiitage than usual in clinical exanmination

(aboulit .5'U) eveni if we dvcouiit thle illtwancus of near-

Tite tilme cllnsta tit x appears also useless ito 'iscrimninate
0- ~~betlWeen tlmh m;ctile. NtUii5CcC~fiblCF. 10 t

0 LG 10 UO1200 1) 201 U ý-U iII18 airsicknes~s (cf. Table 11, [ll and IV). The time constant

time tW may decrease with increaising flighit expemicilee as has
bceii dcsci bed iii the past by several ant hors% 12,10I, but
alipareutly such it difference is inot yet visible at tilte
intake. More jimformiation will become available wlic

Fig. 1. Coriohlis Stresss Test results (see text).



the pilots in the longitudinal study have been exanmined but with different preceding vestibular stimuli. They
again, i.e. when they have finished their training and are mated that Lthe Coriolis ofcect is minimally disturbing as
pliced in an operational squadron. It should be. noted long as the resulting rotation vector is parallel to the
that the values of c show some variation: They are otolith stimulus. In the congruent visial-vestibular part
reproducible, however, but a variation in T of about 5 N of the ICY' from our test (no vector% are also parallel,
is normal. dependent onl the level of arousal and the which exlplains. the low scores. However, since some
applied nystagmus analysis. pilots score; motion sickness in that condition, it means
So these tests are not sensitive enough to discr iminate that their systems interprote the vectors as being ?101
for this motion sick group, parallel, suggesting that the visual-vestibular interaction

i% not performed appropriately. The sameI holds tor thle
The outcome of the Intersensory Coriolis Test is more sickness alter the sudden stop of constantl velocity
promtising in this respect. Our experience with 'normial' rotation: In that conditon tlie angular velocity vector is
test subjects is that, as a rule, they manage thie l(7r parallel to the otolith stimulus. So in case of vniniting,
quite well, i.e. without severe symptoins ot miotion thie data handling must have been inapp~roliriately
sickness I 111. This was also found in thie presenit control (vectors /tog parallel). Therefore, motion sickness in
group (see T;'ble 111). A general obseration is that these situations is a very strong sign of inadequate
subjects experience almost no signs snot ion sicknecss inf'ormation handling of the equilibriunm systeml. InI our-
when they make head mlovemnent.% during the congruent view this should be a counterindicat ion for a possibile
visual-vestilular part of the K(71'I12,131 (sce also Tablel deserisitisaitiont.
111). So it is all thie miore striking when a single; head Biased oin the expel icnee ofimany years lthe RAV obtains
nmovement suffices to cause voiluiting, as was thle ease a success score ofI MIX, with their desecitsitisation
with candidate a. From Tabile 11 we; learn that ll:e most programit te I51. One could argue. that a ýselection lest on
vehement reactions onl the RT 1 are found inl the upper emotion sickness would lhe usefull if' it were possible to
part, which concerns cxaetly those pilots whol were also detect lieforelmand those 15% which dun jot respionid ito
the most lnoirbmmelt sulferers from mottioni sickness dusensitisation training. The approach if the RNI.AF
during their training according to Table I. since 1981) is alumcut ly successfull ill this respect.

Almost no motion sickness was encountered hi (lirte
The data from Tablels 11 and IV show thaiu vomniting initroiductionm of the Practical ['ying Select ion, and those
occuried pirinmarily during thle caloric irrigatioim anid whll suiflered could ret un to time pilot training after a
during ICl' 'old UST: Also, occasionaly, it happend dsemsi istnin atniiien. The nuinier ofI airsick pilots
after the suddeni Stoil front1 constant velocity motalioti. (i.e. (hose referred toi the TNt) I 1 wat 1"T"
This is in linle with bour current cilneclit alboubt thle Research Inistituite) has deicra~sed ciimsidc rabl)
genesis tif motioni sickniess: Motion sickness iniy origi- ilt.,idbUtniol oif tlie Practical Pilot Si lecti-
nate if th: pierceived subjective vertical does not coti res- suggests, however, that tlie eveiitual succCSs
poniid to the expected vertical 1141, In Fig. 2 separatioin have beeIInJ lst] ti, UEn, as. long ais thereI iii
oif' (lie gravitational acceleration vectbir (Sabj. Vcm't.) candidates, this diiesii't omatter.
froii linear aecceleratiiois (Liii. Ace.) is motbde led by Althoiuglh it is not tproven that tlie -studenii
(transfortmatioiis (T and T1 ) of input accelerations (Ifill. through c (or f) would have t'ailed in (the dcsmil
Ace, and Ang. Ace.) it tElie b~asis of canal aimd otolith Itprmgraitt me, it is templtintg to conICludeI
inloriiiatioii andt 1(w pass lillcriimg. 1iscrepa tries hI tcr~seisoy C.oriolis Test as deserib ed here c.,
between [lhe subijective and expected vertical (Ex~i. as a select ion test in oirder to get rid ofl thec
Vert.) may pri voke liotion sickimess. aliisick stuadeimt pilots Who do iiit reslibitd to a dewsr

tisatiinm trainling hiiloreiand. Allotr all, I lie ICT1 is doiic
ill IS It iilbitCS, aiid is checaper thllm palfic patioli inlithe.
P'ractical Flying Selection.

1'' <~,.~ 1- :~ . de Wit, 6.( 151. Seasickness". Acta
. (Iolaryng., (1)53).10

Fig. 2. Concept of motion sickness genesis (Soo text). 2. Krijgcr, R. (1954). De lictekunis van het
CYvHiiwihts'ilit uig voor dc vhleger. Thesis
Unhvursity (if Utreelit.

'This conicept explainis [ lie different scores ion tILt. 3. vai, Msanei, I.C.D. (19685). Chlroiiisclte

"cnigruciit anid inconigruent parl offi the 1( in a siimiilar zeezcikte. Thesis Uniiversuity til Ut rccht.
"way as (iuedry andh UCISleo 115S1 eXp~lailed thle 4, Dobic, T.G. (1974). Airsickness in Aircrew.

difierences iii mottion sickness ,core%. obitained doming AGARDographm lii. 177.
head mxovemensts made at a particular angular veliocity, S. Stott, iJR.R. (1992). Prevention and Treatenict
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THE NAMI SYNCOPE TEST BATTERY AND CLINICAL DECISION-MAKING

IN AVIATORS WITH SYNCOPE

J. R. De Voll, M.D., M.P.H.
U. W. Hopkins, M.D., Ph.D.

Naval Aerospace and Operational Medical Institute
220 Hovey Road

Pensacola, Florida 32508-1047 USA

approach to US Navy aviation personnel with

Th Sycope was i syncope. his dissatisfaction stemmied from
198 at oi Test N attev y (Space) adoptied several roots. First. diagnostic and clinical18atteNaval Aerospace and Operational eautoso eur vain pyia

Medical Institute (NAMI) to provide a coherent evaluations oin required aviation physical
and oli~stet mehodlogyforthe valatio of examinations andi waiver reqiuests were inlconsistentantd consistent methodology t'or the evaluation of ill depth and quality. Second, 11t) commllon

physiologic or secondary syncope. Records from
1988-1992 that utilied the 5TL wc w , conceptual tramework existed to faillitate case
and ST ha utli ed against r ieal discussions between NAMI and operational flight

diagnostic categories of physiologic or secondary surgons and on whicd to base training of slight
syncoAsurgeons. Third, aerAmedical dispositio
sensitivity 55). Analsiso of S100 %,hpredictive wconinicudations forwarded to the line communitysensitivity of 20.6 %, sjteelticlty 10O %, predictive needed to• better retlect a rigorous, objective and

value positive 100 %, predictive value negative t y vd rocdre that au d

43.8 %, and concordance 50.9) %. These results . oi% nlc valid piroceure that ensured clray

1|ailed to support the effectiveness of the STI3, and aflirued the tlight surgery
WItIM1.1n11ily'S Colnu1illlticilt to tile 0teatIo||ai4 gUJaIstheC STB3 did ntot re~sult in any change bctwoun thce iulif' onimen oteoertoa oldieSTBdidnotreslt lldfl clalle tctwll ie of .Naval Aviation. T'herefork; U was felt that a

preliminary and final diagnoses as made oni other
clinical bse. Tile evaluation and dispositionl o~f . More coherent and consistently applicableci nicl bses Te ealutio wd ds~oitin neflthdtology fo~r the workup) of syocope wns
syncopal aviators is reviewed ill the light of needed.

general and acrospace medical literature. It Is

concluded that the STB is not a useful tool in
evaluating syncope in the US Navy aviation phroc ur¢ for evaluating syncopal aviators dhat
population. A step-wise algorithmic approach is consisted of a set oi'require clinical tests. Called
recommended for the evah|ftion of syncopal the NAMI Syncope Test e attiry (S'ia13), the goal
aviators, but the eventual disposition miust still be th pAoi Syncope T est sury ST) the
individualized and rernahis problematic for die was to provide teliable evidence in support of the
flight ,ulgeon, evaluation of syncope as either due primarily to

exaggerated physiologic respotnses or secondary to

I NTROUCTION other primary diagnoses.7 Use of the STB began
in 1988 and was required for all evaluations of

Because syncope has potential dire conmýequences if syncope in aviation lpersionel prefbrinid either at
it occurs in an aviator during flight, syncope has NAMI or in the tleet.
been an important and whobleunitic issue foir the
flight surgeon. Interest hau long hgan e~xpressed in B,, 1992, it wj:; clear that the geiida mndical
both the evaluation of the aviator with syncope and literature supported moving away from a
the relative importance of syncopt' as a causative "shotgun" approach to a inure focused, step-wise

factor in aviation mishaps.' In the late 1980's, the workup of the syncopal patient." 11ibi roinftored
Internal Medicine and Neurology Department at the impression of the NAMI Internal Medicine and
the Naval Aerospace and Operational Medical Neurology Department that the STB may not have
Institute (NAMI) inl Pensacola, Ftoi-ida, became performed as effectively as originally hoped. The
dissatisfied with NAMI's prevailing clinical purpose of this paper is to present the findings and

J'resenard at a S•'l'owhim on 'Iit, C'linial lisilsfin Aetmwedicul Djei'sl,,1 MAikitig', A jil 1994.



implications of a retrospective study conducted to neurneardiogenic, hyperventilation, micturition,
evaluate the effectiveness of the STB in the cough/sneeze, Valsalva, et cectera). The secondary
workup of syncopal aviation personnel. synlcope group included all subjects with all

identifiable disease process felt clinically to be the
L- ~METHODS12 proximate cause of the syncope (history of closed

Subjects: Potential subjects were all patients sen head trauma with loss of consciousness, coronary
at the Internal Medicine and Neurology artery disease, cardiac conduction disturbance,
Department at NAMI front 1988 through 1992. seizure disorder, metabolic disorder, henign

This1)01 cnsised f narl 200 reord. ~ Paroxysmal vertigo, disorientationldisequilibriuni,
despoortmentistappointendatalay o20 hes records. 'i psychiatric disease). Special attention was paid to
weasrtevntwe tpo idtentif patieiiots seren cords the original referral diagnosis, noting whether it

was evieed of identifytatients o enf o th tI T differed categorically from the final diagnosis oinsingle pups f diitaino h T.T the basis oft syneope category (physiologic oravoid missing potential subjects, all patients% seen seconidary), and whether the STB results accounted
for syncnpe, loss of' consciousmicss or syneope- fodi fernv
related diagnoses were also identified~. Fromt t orte ifeen
latter pool, individw-1 re'omds weri: reviewed to
ascertaii wic painshdatulybe ie An Ialysis: Epi Info Version 5.Olb statistical

thle SiB. PatieiiL% were enteredl into the study it. software was used for data base creation, data
in addition to having had the ST13, thev clinic chart
conitained adequate intormation regarding basic iTable 1. Elcictits of tlu NAMI Synocpc Text lattcry-
demographic data, the patient's referral and final
diagnoses, and the recorded results of' tile. STB1. SYCP ITSTB1A'11IRY
Because of the retrospective nature 'I this study,
nol inforimed consent was required. These icaia &,: to be jxerfunnrud by the Plighti 5rioii

wiii ife patient oil ctcctrocirdiogiaphic monitoring.

Syncope Test Battery: Eatch study subject had the Blood~ 11"81FC milid hurl ratc/rtythii arv rucoixed affix
completeI Sl 13 performed at thle timte of' their wellh tiiiuulus.
evaluation per the protocol in Table I . The Oudloutiei lusting:
ciintent amid design of the ST13 was focused toward lifrizonault
ideiitifying individuals who may have had syncope Vu~tieal
due to orthostatic, hlypervetl itlatioti, vigil or iiuriz~osiuii for 13 WiillUies Iheji verticH
liezold-Jarisch reflex lniC~hatisNsl inl rcSp)Ons to Inverted hiead down

physiologic stimuli. lThe ST13 was defiiied as Squaitiirg-io-siuiiding
heiiig "pos itive" if' any one of the tests in thle rvuietctuwihmtiineiktuiiadg
battery were positive. Positive endpoints could pusitoll):
iniclude reproduction of thle patient's pre-syncopal Unilateral cnaniid iiammuge (15 wrcconds)

symptoms, frank syiicipe, dysrhythtmias ori a ttiiutcrAl ocular muresunre (15 secondts)
significant drop in blood pressure. Brahodli;l aaxla ospato 61

Vurlslva inanet U r (30 mecond,.)
M ethods, The clinic chart lotr each patient wats Hyevntlto (3 minules)
reviewed and data recorded based oin a pre- Cold preasor teat (laud ill icewrici' for I
deteriiined protocol. Demographtic data included Illinute)
age, gemider, rank status (enllisted or officer), antd Poi'oitve lre'aurv breatinuig (3 niiuotcs).
aviation status, Aviation status was considered for tactical aireruw only

positive if' the patient was serving inl either a Sigiiificllt nuidinigN tpoliiiVe Syncope test bl~tery):
designated aviation NiLtt or ait aviation training Patiunt's sympiolna reproduwJ.
billet. The patient's synlcope or synicope-related Asymtole fur 3 muxond or longer
diagnosis, as well as other relevant diagnoses, Malignant dyarliythinuui
were recorded. Based ciii finial diagntosis, each Loss of eociNciotifncus

Orthostasis: 25 iianilg droll ill sysioliosubject was categorized ats havittt . itysiohigicblo iureor0'25umg
synecopal event, or secondary syncope. The drop ýi systolic bltood preausrc
physiologic -.yiicope group included all types of whcuszyatie blood prceosuru below
syncope considecred due to exaggerated physiologic 90 niiiilltt
respuoises (vasovay al, vasodepressor, ______________________
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lahbl 2. Analymis of Syncotv Tcst hattcry in the Diagnosis of Syncope.

Final Syncolp Diagnosis

Physioiogic Secondary Total

Syncolp Test Battery 

7

Negative 27 21 48

T otal 34 21 55

Sensitivity: 20.6 %

Slpcificity: 100.0 %

Predictive Value Positive: 100.0 %

Predictive Value Negative: 43.7 %

Comordance: 50.9 %

entry, calculation or descriptive statistics and Examination of the individual tests comprising the
development of contingency tables." STB demonstratedI that 5 subjects were positive on

more than one individual test. Two subjects were
3 REýULTS positive on only one of the individual tests. The

Seventy-eight patients were identified as potential positive findings were distributed among three of
the individual test items, with a total of 13 positive5tudnsubjects. Ot pth charli available titn tests (Table 3). All 13 positive idividual tests

55 contained a complete clinical evaluation* and were positive based on subjective reports of
documented STB results. Those 55 paflentn erdcino yposiena yep.N
comprised the study subjects. The mean age at reproduction ofsymptoins, i.u., near syncope. No

evaluation was 29.95 yeas (range, 18 to 72) Ten prolonged asystole, dysrhythrnia or frank syncope

subjects were women (18.2%). Fifty-three were produced. Tht two best performing
individual tests were hyperventilatioit and maximalsubjects were designate aviation personnel or had breath holding, each with a sensitivity of 14.7 %,

been selected for aviation training, Of this group,
46 (87%) were officer/ofticer candidates and 7 specificity 100 %, predictive value positive 100%, predictive value negative 42.0 %, and
(13%) were enlisted rates. One subject was a concordance 47.3 %. The two tests showed
military dependent spouse. One subject was a concordance with each other of 42.9 %. Bilateral
retired Naval Flight Surgeon, who was part of a ocular pressure showed concordance with
special longitudinal evaluation program being hyperventilation of 71.4 % and with maximal
conductcd at NAMI. breath holding of 14.2 %.

Thirty-four suhjects (61.8%) were categorized as It sho!,l also be noted that three additional
having physiologic syncLope. The remaining 21 subjects were found to have subjective pre-.s;ncope

* subjects (38.2%) had syncope attributed to another itilation that was nor felt to
aeromindically significant diagnosis. No subjects during hypervei
were noted to have a discrepancy between referral reproduce the subject's symptoms. In all three

cases, both the individual test and the overall STB
and final diagnosis based on syncope category, were interpreted as negative. Only one of the

three could be categorized as physio!ogic syncope.Out ot all 55 subjects, oiily 7 (12.7%) had a If w ersetvl elsiyteetresbet
positive STB. Analysis of the accuracy of the STB we retrospc:tively reclasity thee three subjects
as a predictor of final diagnosis is shown in Table as having positive Synope Test Batteries, the
2. The sensitivity was 20.6 %, s 100 % sensitivity becomes 23.5 %, specificity 90.5 %,

Spredictive value positive 100 %, predictive value predictive value positive 80 %, predictive value
negative 43.7 %, and conicordan:e 50.9 %. negative 42.2 %, and conordance 49.1%.

II
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Forty-six records had adequate documentation of There are several potential biases related to the
the recommended aviation disposition, i.e., retrospective nature of this study. Observer bias
physically qualified or waiver recommended for may be present, since the physicians and
aviation versus disqualification from aviation. Of laboratory technicians conducting the STB were
the 7 subjects with a positive STB, only I of 5 (20 r " blinded to the referral diagnoses or the
%) were recommended for return to aviation; no physician's initial clinical impressions. ThPs,
additional analysis of these limited data were observer bias might make it more likely that the
appropriate. For all subjects with a negative STB, results be interpreted as positive if a physiologic
return to aviation duties was recommended for 15 syncope were suspected and negative if a
of 23 (65.2 %) with physiologic, and 13 of 15 secondary syncope were suspected. Subject
(72.2 %) with secondary syncope. Chi-square reporting bias might be present, since subjects
analysis showed X' = 0.22 (NS; p > 0.05). suspected of having physiologic syncope might be

subtly cued to report test-elicited symptoms as a
4 DISCQ.U.Q• qualitative reproduction of their syncopal

From Table 2, the specificity and predictive value symptoms. Conversely, subjects suspected of
positive are both 100 %, which might be construed secondary syncope might be cued to report

symptoms as being qua]itatively dissimilar, therebyto indicate strong performance by the Syncope producing a negative test. A related problem is

"Test Battery. However, these two tests are th i a o egrigoro ts t. sp e lated pro blemfos

relatively meaningless when looking at the whole the lack of rigorously specified protocols for
of the data. The sensitivity is very low, ein conducting the individual tests. Knowledge of
that the data.STe perforivityorly i , ieanting initial clinical impressions might result in subtle
that the STB performed poorly in identifying differences in administration of the individual
patients with physiologic syncope. Further, thelwtests. Tests might have been administered in ways

negative STB might inappropriately sway clinicians more likely to produce syncope in subjectstoadcnutn oeetnie naiead expected to have physiologic syncope than in otheri towe d onducting a more extensive, invasive and subjects. The three subjects with near-syncope but: ~~~~~~~expensive diagnostic workup than otherwise jdgdthaenaivtsspriesvdnc
indicated by a well-performed history and physical judged to have negative tests provides evidence

examination. Lastly, the concordance of just over that one or more of these biasec may have been
"50 % means that the STB has the same .eaning as operative. Exactly how far these biascs might"50the fair toss of a coin. have affected the final results is not knowable.

t ioThe presence of these biases would only serve to

The lack of usefulness of the STB is also falsely increase the likelihood that the STB would
supported by the analysis of the individual accurately distinguish between physiologic and
Scomponcrnts. The test battery is made up of 13 secondary syncope. If we could accurately assess

individual tesu;. None of the orthrxtctic testing
procedures were positive. The 13 positive tests Tabir 3. Positive NAMi Syncope Test Battery Results.
found in seven ..ubjects were scattered over three
individual tests. Five subjects had multiple lpdividual Test Procedure Number Positive

i positive individual tests, but since each individual
test focuses on a slightly different physiologic Oithostatie testing: 0
pathway for the production of syncope, the Horizontal
meaning of multiple positive tests is not dlear. Vertical

The ~Jy Horizontal, then verticalThe only high concordance was between nerted headvdown
* hyperventila;¼n and bilateral ocular pressure, but Inver taddn

the physiologic mechanisms governing these two
tests are markedly different. Proveeative testing:

Unilateral carotid massage 0Y The STB also fails on another count. The results Bilateral ocular pressure 3

of the STB did not affect the final diagnosis for Breath holding, max inspiration 5
any subject. The filal diagnostic category, Valsalva maniuvnr 0

physiologic or secondary, did not change from the Cold pressor test 0
referral diagnostic category, indicating that the
STB had no impact on the diagnostic decision TCTAL 13
pyocess. _,

L L,

rj , , , -.. . IIIl] .
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the presence and effects of these biases and control evaluated. Age is going to be the most important
for them in the analysis, we would expect the true patient characteristic in guiding diagnostic
results of this study to be even more negative, evaluation and aviation disposition. Several
Thus, making the assumption that these biases are studies have looked at the "incidence" (actually
present provides stronger support for our lifetime incidencu) of syncope in younger adult
interpretation of the data, i.e., that the STB lacks populations. Derrnksian and Lamb found a 7 %
usefulness, incidence of true syncope in a survey of 5000

aviation personnel aged 17-62 (62 % response
There are other potential limitations to the study. rate)., However, Lamb and Dermksian concluded
The total study size was not large, always a that the incidence was closer to 15-25 % in a
limitation on the power of a study. Because of the survey of 1980 USAF personnel aged 17-45 (> 98
relatively small study size, the influence of data % response rate).1 5  Williams found a 21 %
unavailable due to missing or incomplete charts on incidence in 891 college students,1 6 and Murdoch
the magnitude and direction of the study results is found 32 % in South African military trainees."
potentially significant and unpredictable. Also, it These data contrast with a lower incidence of
is possible that our search protocol did not identify syncope (3-3.5%) found by Savage in a
all possible subjects who had been given the STB. prospective analysis of an older population (30-62
However, it is noted that the yield of positive STB years at the beginning of 26 years of follow up) in
results was very low (12.7 %). A minimum of 20 the Framingham population." It is no surprise to
additional subjects, all with physiologic syncope note that the literature not only supports a
and all with positive STB results, would be needed difference in the incidence of syncope with age,
to achieve a sensitivity of merely 50 % (and but that the mechanisms of syncope are also
concordance of 64 %). It is highly unlikely that different. Several studies have noted that
finding all previously unavailable data would "unexplained" syncope, vasovagal syncope and
produce such a dramatic change in the study syncope secondary to psychiatric diagnose's are
results. more common in the young adult population, and

that other diagnoses related to aging such as
Review of the literature indicates that use of
batteries of tests to elucidate the cause of syncope
are not new. Dermksian and Lamb found that
they could induce syncope in 17 of 55 synctnal
aircrew subjects with a similar test battery." -
Ilowever, in another study, the same authors using M M [
similar methods induced syncope in 21 of 50
"normal" subjects) 2  Newberry looked at
orthostatic testing techniques and concluded that [ ,•__ i3

orthostatic factors were not related to factors E-
affecting impaired consciousness in flight." In * ,YP[ rMA-W

addition to these studies, recent authors have
emphatically decried the lack of any meaningful
"gold standard" test by which to evaluate syncopal
patients ... M

How should the flight surgeon proceed when faced mF I AXPLARM

with an aviator who has had a syncopal episode?
Fortunately, the general medical literature has a
fairly well-establi!shed consensus approach to
syncope, involving an algorithm based on a well-

performed history and physical examination."5 7'4

We have adapted this approach at NAMI to replace [ --
the STB (Figure 1). • - ----4C

!. This algorithmic approach is more informative
when looking at the type of patient being Figure 1. Syrcopc Evaluation Algoritmn

Ti
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coronary artery disease, cere-rovascular disease, that population, lower baseline pulse rate may be
autonomic neuropathies, etc., are related to tie a predictor of tilt table-induced syncope. If so,
older population."' then aerobic cardiovascular conditioning, resulting

in lower vagally-mediated pulse, may predispose
"Unexplained' syncope often implies that individuals toward increased syncopal response
insufficient history is available to label the episode related to the Bezold-Jarisch reflex.' This may
as neurocardiogenic. With no firm diagnosis, this have important implications regarding both the
category of syncope defies prediction as to evaluation of the well-conditioned younger aviator
likelihood of recurrerce and precludes with syncope, and his/her susceptibility to G-LOC
development of treatment strategies. A diagnosis and strategies to combat G-LOC,"' 7

of neurocardiogenic syncope, comprising both
vasovagal and vasodepressor types of syncope,' is The tilt table test currently is the best tool for the
more reassuring to the flight surgeon since the evaluation of an aviator with suspected
physiologic mechanisms 4f the Bezoid-Jarisch neurocardiogenic syncope, but at best it can only
reflex are well described 9.14.2

4  be looked upon as adjunctive and possibly helpful.
Aerospace medicine may have an important role in

Neurocardiogenic syncope still presents a dilemma, advancing the evaluation of tilt table testing based
since there is no diagnostic test to confirm such a on the community's expertise in G-LOC and
diagnosis and the question remains as to whether cardiovascular deconditioning in the microgravity
or not a given aviator may be a "physiologic environment. As an example, current tilt table
hyper-responder." Kapoor and Ross have both testing methodology is standardized only on the
commented on the lack of a "gold standard" test horizontal angle to which the patient is raised.
by which to confirm the diagnosis or identify Our experience with G-LOC would indicate that
putative hyper-renponders.•"' None of the the technique should control for the height of the
commonly used orthostatic or vasovagal maneuvers heart-eye hydrostatic column, which even at I-G
that are known to produce syncope have defined might be an important factor differentiating shorter
population paranmeters or been correlated with the and taller syncopal aviators.'"'
likelihood of producing syncope. Some recent
studiLs have attempted to develop population h'lhe sequence of evaluation and resultant
parameters for some maneuvers, but as yet do not disposition of the syncopal aviator sti.l largely defy
provide sufficient intbrmnation for using these hard and fast recommendations. Disposition will
maneuvers to evaluate syncope in the general or be related to prognosis, which for the aviator must
aviation populations.2- Thv technique oftilt table include both the general likelihood of recurrence
testing, both with and without isoproterenol and the likelihood of recurrence in the flight
infusion, has good theoretical relevance, has been env~i onment. Obvious patient characteristics such
used in aerospace medicine research, and has as age gain importance as a consideration in die
recently been in vogue as a tool for syncope evaluation and disposition prucess. More
evaluation.""'° In spite of data indicating the extensive diagnostic evaluations focusing on the
reliability of the tilt table test,"" Kapoor has most likely underlying diagnoses based oni age are
correctly pointed out and provided supporting defensible. In older adults, workups should fous
evidence that the test is non-specific, and therefore on cardiovascular diseases and other di..eases
currently must be viewed as having dubious related to aging. In younger adults,
validity.*' it must be noted that the recent tilt table neurocardiogenic syncope, psychiatric diagnoses,
testing studies have used subjects with a wide age hypertrophic cardiomyopathy and aberrant cardiac
range, usually heavily weighted toward older conduction pathways must be considered.nn''
subjects with additional medical problems. The With respect to general prognosis, the relationship
real value of tilt table testing may not be known of syncope to general mortality is related to the
until it is evaluated within more rigorously and etiology of syncope, but is unrelated to having had
narrowly defined age- and diagnosis. referenced syncope."• Therefore, disposition will largely

populations. depend upon die etiology of syncope and the risk
of in flight syncope occurrence. Some conditions

"An interesting aspect of tilt table testing may be may be permanently disqualifying, but potentially
noted from studies looking more specifically at curable diagnoses may allow the aviator to return

t ['younger adult groups.'- 3 7 It appears thvt within to flying if the risk of recurrence during flight is

•_ I~ ~.4"-I I I-I-. ..- "
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THINK HEALTH NOT DISEASE
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Introduction

Clinical decisions inl 11filit,11 lyaVIJUL ion md i~ii a AlIthough misch an anglc' ol attacking the prob lema
mnu~st reflect op.Žrdlionail requiri awnet.. A c'rspact, of chlin~ial decision~ making inl iviatlion modichint
Uln-diClhe isý spe-Cial ioal lle'ca usc its p'ractice serves maightI appear extLraord ina.ry, il is nvevorIhi I c.ss
(I Irpuricsc, iinamely, to) apply meldical stantda rds toIi hsic ito our discuisC iuiS, sio let's begin y t a kinig a
ial extremely, dc'oaundin.%; proji'ssion. Wheun nations look atL Uie counoanlb Involved.
chioosi to maintaini wnililary defence foirces .ol. v0 Lelelice b utlges axe aaniong the ma]o p u blic
Ciiaiap1CInalt of which bhing ilvd icate~d to exert ill

power - it i: tlie oticujhltolond aspecct With I U% expenses iii vou ntIes belongine, to tile N AlI
pre vonIi ve dimensiOLIon thati make a via lu .al liance' rca 1gior tauna ai 111oirosimalily 1,5 In ,5 of

meudicineu 11wluilt.tit GUI' (Table 1). Thi' trend is obvious when the
specilty.dC1ljCez budge) is j)oSoiitLid aS flrkitlioo 01 111C~

The, flislai SnrN is inl ficl, a mtere guardian of budget uveii if both maWy Show gro'(wth. tia~logaY

public.i invenn s1h inl a ciiiors and airplacans. own countiy, Ntm way, aS .11 Oxamnll, Liic nationail
defeanct, bud get is CIauc Siderab h. ail OUg h the

T'Able 1. Defence exponii tug is inl N ATO Ccountries geuieral tendenacy of w&osk'i ii na~mv til w.0 iduc iig
(% ci (iaiss~miavsli I ac ~ac1) _____ -- - opt-id uil L ri' for. ch'feliae purj 'oses is 'vkhidev (T.111bl4,

(oointry..........5 19811 199 1 1992* 2).
Belgium 3,0 1 !0 2,5 2,10
Canada 2,2 2,2 2,10 2,1) Tuible 2. L~'lolen iVX~Icidli~lccS of Norwaiy 1irn9-
iX-1on1u1n1 1,2 2.2 2,1 2,)) 1994
France 4,u 4,0) .S's 3,4 Ya ic.A 0f'C '' hl
1.;t.unnaity 1,2 3,2 2,3 2,2 udt( blgL cPici
Greece 7,0 7,0 5,4 5,4bugt ude Fsa

tt.Aly 2,2 2,2 1,L) -- M9 ~
1.UxtellbxUrg" 1,1 1,1 1,2 1,2 91`198 2o,7.583 210.41)7 7,4, 1

Nethir~odiic 3,1 ,1 2,6 2,s 99 29o.77)% 2 I .,93 7,4 'Y4

Norway 3,1 ,1 2,9 3,2 1991 314.837 22.421) 7,1 '
i'nrtug'li '1,2 3,2 3,1 2,'i 10492 3315.4,).1 231.15(, ,') 'X..

Spain 2,4 2,4 1,3 1:7 1993 15 1.711 22.543 ("4i 1.

Groalt B~ritain, 5.2 5, 2 4,2 3,9 1994 -357,4015 22.9ti2 - 0,

Tlurkey 4,5 4,5 4, 3:9iii Ci~sI iila~s
UISA .6,5 P's. F1,1. .5,5- When distributinag thlt Defence Bludgetl hc'tweoii

Lsllaaislm'the three ma] nr Nero icus, it1 appears, Ito we r,

'The policies which dmtteaaniane public expend itures that file apniou n of moneay imeateld inl a~r tOC
within VeaiiOUS sectors of naticonal pursuits MY so oi urtil~l's I, '~ i e ~

* poccwer anilan milit ary a via til Illtted iiillO no the contrary, alioca Lions to our Air F'orce h ave
exciludcld -- are Iar3'eiy based onl fIn.anc i i ewhindinl level (l'able 3).
coaasidewtoa aLn, ,and ma y bu fully lI)I~lUiiatCe ciiiy O-bV ic USI Y, Wilth SUiIt% it,1 v oStn~~t into pa'tclcc ,
wheni correbi onding fiscal ma~ttirs .iR' ta ken hi to .cieiy demandni I)O L11 CffVeictiveob Lf 01)Uria unit
account. ,and flying safety. H owevier, a retjuirvanocut of

Slair finance.; are jundamncnlil to tilt' philo~sophzy s111fianultaneiUS hfety aink] etfectiveiress carries an
a] niglry ncdcincincudi\' i~1lc crc ir essential dliscord duo to the obvious hazards cif

mtilitary avialocrs, rega rdhiss of tilt, connetlio'n llmilit Ly aviation. This conflict eons Iitu lilt,'Ir

'it-ing ~~~raso rronzdr o.141 Sil dilbri of' mii~tary a via lion medicine'

P,,eyea'd i al j XvnyiUl)/ U.ltfa Bjf A,',oiciJhct Di'rj,oiji Ataking', April 1994.



17-2

ailrcaft ill thle lin enitury Since thle performianlce of
Table 3. A llocalion to .1111d force:- b~y service fill equipmient flown to a large extent determines
(Norway) the hunian factor requirenun ivi of military

1J92 1993 1994 Differeince vato .
93 -94 __ Such is the basic COnIcept ar-gued inl this 1pap1)r.

At-ni 4,4 4,41 4,1 4-8
Navy 2,4 2,4 2,4 -, Y
Air lIorte 3,1 3,o1 U, i- t,4%Y Purposeful Medical Declslon-Maklng.

Nrinvegiatn Crounsn ill 41imns Whien medical dmi'isloiis are made f or a cu'rtaini

The primiary obj ectIiv c of miilita ry a via til II on loetea luatinlg ail clew health, fill in-stanlcu,
mccielivtheefoeis ito cointIrib ute iii anl effort of the' somurces of oiri)111iilul used ill ordr. ito arrive at

mercdicine, tPersionneli oC11~~e l'01I10 conclusioiis live'd to lit ex.iniiiied. Likewise, l itc
"rou~cingll wth a mzl fxitil to complee aros iraln tloos ciiiplii/id inl Older to derive' InformatIion mlust

successlully ~~ ~ t WihaI~ili~i rv~iewed With r-SpectA to app)iL.ability.

Acepltilug that the rhincipial atm of aniy air force Mo t'oVUVCr, filie 'li'i'a lice ol theil' , i/onus fla
is toit) atfil comiibat ivLadhietss ito such a level ilot ail~ldnuu has to be Carefully considem-ed.
e XCr' 11 enc tht Ii 1 opt' rt tuna lvker t' sIý ssu may 0L llt'eiiCe1 bet Wec'n thet p~racIitic Of
confidently at ~jiiy the'ir units Iin battlits fo ught ii Medclibnt' WWI itil'treat lig patUVIenS as OI)i iOs'd fti
order to control air spaice, p~rograunime's aiming at Otclainlhal aehsto boexi-se at
military lhying Safety is juLst .1Ilmeals kii clii 01 '1~ tis ojialhat cr'hs c'prs
nlot U'le'tI.ssiirily loosing livets auid .1usli V hi poMn
eq juIlpIUlicii anud, partLicUlarly not ito Ip111'a r a as it to Ii', lilysiclaiis see, pat it'nts With histories ot
threat it) third Jit' Oilt, lift' amid p nIto'rty - at Ii',ist syminptiuuui and signis, which, ta keni togethe'r, ait'
Iout hii feace tilme. recogniz ied amid hi vis ligaited by aIi r liti, all

Airbom-.ie wealw mu ptatio imis airt' inc ret'a lu I y lh oU., i.ke. ?Prvi''dumri's au-bih mi-e cliiiicaully
y indicateid. if tic' clieiit to lie stuni i% obviouslytonulnla ted by higth !uehliiology, yet, loirge I y hiealIthy, adnulinitsIrat iOu Of aciddittii m11l te.Sti mug

humnuu factor dependent. Consequently, Seict.lomi of talseu liacc without. a clinicail hid ivatlou i liii
cand ld.~tow suitable tor miniwitmy fly Iiig iraliii iii, II V. V VX NilC ii bophIiStiaec i nd f iid Me 1Cs
hica ltii nimangeinwitl kkiid retentionl of quail ied dt1120W foln d.llanOS tic Pri IIuII)OS dIOVS Ii)[i
avitatoirs i'oitwitutt' imajor cliallt''ogms to practioniu'rs Validate their lidilscriimilzmatV Use. Whenl licattiy
oft avialaon nmedicine. clivnios li rc, iievr'rIlit'les, explosed ito a hbatte'ry ot
'1t1f. Ilaimm xinal edge~'m wlmlich m.~m'ra iiS SUCO'iS.4 from plreylou.il y hictected pro-ýUcI 01 tos ml der fto Ivd let
joadun 4011en'l cimpl lf\'in fI;) air Sulpmrumrity mlay, in litaltlm, what would be tile m;lguuifiiicm'c iii smuci iii
]imct, be decided by thouse ablei lii jliA anld to cilam i at iiroaii'l?

It tHOlWS tha~t tile helthi tim rL~itlV Of dlr c u-eu% niormail ltliatiritil a., ii njm'nicm', 1,hysiciams ar.- (if ii
memiber% is in tereitliig iii ly as far ,m'. it conucernls lost, a lii 441i V '011ViUtiSioll us .- inirid lit mnmoy bC
their ahility fto pjer~furum we~l!L dorinlg unIu.ually sei'i)Lsly qi-dioinliiiii.
demaldhing actions in pkeace timmue ais well as during Yet, thi1S i. exaclt-ly how alviationl aiild Space
warfare'. Fior this reamsiln lmost nationuial air tforces tinedicimme is fm-cc1 emily being i 'uacticcii when yioulg
mahintain eerieWi thin tilet fie.ld ill a viattiiii elllididates atit' sclect'ed as well a!, at rout inle

Medcin -ililit.]l~b~h~~gyil~l~~d th iied ical exam inLiatons, 1 tius, tilt're is an obviousiiurl~osto being two t old: tirslfly, tou hell) buiiild im
Ljfi'ctivr Jýb,'iting forre biy meani~hs (if which fti eXe~rt need ito justify reLSliUrc 110 illIgelIt'll t, Iiii'thliN tiSsed

ai .r powmer li isii l usim'lIs'cnl, and clinical dectsloiis miade

r~ro'iiiivt flying safety. 'iliese are' unpletasantL, but ilneSCapit,' f1ctm

'Those suffering from wiheliliy comditions of body
ort mnind should not pwaricipate Ill air opleratiOums. The Search for Medical Constants
Iluicsses, their lreatmnetmt and tieic' rognoses il
recovery, ought to be le'ft ito physiciansb whoI SITe tIellOtJ 001CI fUVObiLSi)Sbo
patients rcgulai Ily, whereas continucus moiltoringl" that any scientlftc field of study mi/miclu p-oyrc'ss
oif air c-rew health is the responsibility of the la~iddlui is Chram ucti'rize'd by a niumber of
flight Surgi-on. moreover, ainy evaluation Of fitties miarvellouis cmisl~ant.-, alnd, that the variable sk
(or fighlt or abllity to bulpport the air' stulggle studied may be fairly well contrnllu.d, at least
Must re'flt'ct thme opevrational tasks Of thet variouIs during vix per i lint'ial collil ti los. The swift

'i.
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development of chemistry aid physics, for . ,
instance, depends !argely on the knowledge of
exact figures which are either constants or may be

accurately determined in time and space, by mass 90
or wm-elentgbs, as energy content with states of
energy to be calculated, and .ll of it described in
the precise language of mathematics. Th'lese merits 70
of expression are much to be C-n vied by
S isvetiKators of tie life scWit'lcs who, ill thle
absceuce of sitinlarly sharp tools, are left to 50
merely muddle through.4

"But medicine is not entircly without useful
iniethods provided they anr," iroperly applied to
rlervaeut p'reblems that have bli-n identified by 20

L ques tions tvhich address5 key ibsue;. .'Terrain
central themes of lhealth varies predictably with
hereditary factors, medical history, age, %t-)x, 0
"social frame of reference, etc. Moreover, i• 4
,vieation m edicine it is fair to assulile that several

testing procedures are carrieJ out oee to

occupa tionaIl jIisttifica tloni n acr:el'da r'e with
preventive iue'a.ures, thus, not necessarily beaing "S I. Deathi rates per lt)tJ.0 poolnit ion ill
indicated by clinical conslderatlons. Const,,quently, Notway 1991
the probleo that pra- tiontis of aviation miedicine
tace, is to lie awaret to what extent knoiwledr,- ; appeals that havlug lived througlh the fi 'st 4

derived using diagnostic pro'edures withliO. i1 years of life, tile possibility of an early death is
clilical indication may coollribute to sound very 'Iinote. Likewiso, tit! death rate between 211
.oneluslons. It i•s important, thoi'rtire, to keep in ahid 35 years of age is low and remains low through
Ilsuind lthat the a nt'ount oi relnl'nunt inforiua lion It11 agei 44. From this age on towards retireineit age at
fiblaitjd derptids, (iM thlu WU'Sinn fiir am.id pre, ifim (I'" (, thlivr, is a r-apid lncrndase li the diath raft' JCr
ilnlquiry. 1 0(,00)U poplitlion. A rconslnicuous d ifference

"IWO issues ari iore rl'evat than aitbtlps '.\ helt hetweeii males anid futnlales is apIparent alteldy

physiciAns iMake nuedical decisions wthii'it amy romn age ,5, this difference becoming incrycnsmgly

clinically pwrtilnent evidence. The first oLne Is, Il,e marked as years go by - but tor different reasons.

jamily medical h1i, ry i ecausc 1i gives ea
indicationi as to tilte genetic t;la i artlled by SmecliO.1
the person examined, tile other Is ;he vital
Stui!itiCs o' the saciCly in question skace tihI: b. the When selecting candidates for military flying

Illainl source for prediction of he- Ith based .,i ., trailnhig it is inmportant itt consider the time

sex, death rates, causes of deaiii, and above All, interval of effective air crew usage. It is
how the panorniua of disease proceses eXlpands i'ollnvillCillgly shown (lig.1) that tilt- death rate for

during a lifetime These two iactors are the inwes between 20 and 40 years of age inercases

"cinstants n/ oo'upational ,idicinr " from about ltX) to appiroximnately 185 pvr 100.0t00,
tihe corresponnding numbers for females bei, g 10 and

The fIrst one, tile fm.niily medic'al history, lIhas t0 105, respectively. From age 4.; thiese' rates inerer.is
be penetrated ill depth ill order to prCdilct future coinspfcituously. It follows that .VhIemI selecting ftcl
health in adolescence. Much information zisay lie aviators whose military flying carreer has either

derived from andanunees alone, The second oneo, thc been termuinated at age 40-45 by pnronmotion into
vital statistics, as described by thle Official senior officer positions within the Air liorce, (it
Statistics of Norway is shown ill Fig. 1. else, separatioii from the Air Force has taken

place at tilt, end of a contract period of 10-12 ymar,
Lhoe selected Upoln

1. reoeiiwing the (nimdical Ihis tmry m ci;ididat's ill
depth

2. physical examination e•'n ltasizing ql/, jialS setlses

I~ I,
S_~1
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.3. thoroug~h psychological lesting, andi illustrate important aspects of public hevalth, it is

4. seciic ivesigatonsaccrdin Ioany oadd tecet~sary to bricak data downi in order to identify
4. sec~ic iocoiga ion accrdig an lodcd major causes of death. 11w results as presented in

family histo0ry Figs. 2 and 3 show cardiovascular diseases and

aire not going to cause much trouble for flight malignant ne~oplasms to be tie main killers in both
surgeons. Moreover, at this stage there are no sexes Ond at all age groups above 40. The
elinical Indications for any further extensive diffexences between the sexes are AlSO apparelti.
laboratory pro'edures. Likewise, violent deaths is shown to be a sizable

Onl the other lhard, there are several occufpational piroblem (Table 4).

rsis factors which could cause additional ~'j
investigationis to bie performed at selection timie. 300
Candidates might -- depending enl national 5
policiet; - be given anl EKG, in some instances ani
exercise EKG, even an E~CHO may be required. 200
Furthermore, anl LEG with pro-ica~tioiiis like 150
hiylie'rvzi tiflation and flicker stimouIatlien is
frequently added, likewise radiological 10
investigations, blood lipid profile detennhiatlions. 5
and for femrales gynecological screening test just ito
name a few procedures commuinly performned. Ini tile ) 0)
future one might consider testing for canCer. '
predisposition genes to bie included, I lowever, sinco e
the popula tioin of ap plican ts probabsly constitutes
anl already highly selected healthy lot, the Fig 2. Sex and age specific dt-atli rates NorWay
in~formaItionl derived from these advanced 19 ii due ito cardiO-VaSCUlar diNVeases (U-iths per

rioccdure-s could be almost niegligible with tlhe lOU OlWt popuilationi).
p)OSSIble CXCeptiOii (It those svhlll are excellenlt
predictors Of disease accor~diIng to fa i Iffia I Inl many cases untimely morbidity and imortality
characteristics. are prevenltabic!, p~artiCUlor'ly if a det LIn ~li~' te

Thim res ulIs obaltimned mmay h lty 'rv a luable tilt effort of 1IntevenVtionl is Made Oarly onl. InI faC , the
Jutre il~rece ofeo.:i, bl vensohisdol, ot one fthing thadt I light surgeons Are able it, dot

]hturm nfertheir diai ceunit, Vaue II coNVI-H so hsst'it SUCcessfully is to th~ink lit,alh, not1 dicsi froil

Furheicrc.s ic .i1 nu S-11CIc ol'IIJLtV finding"tis leu thme day of selectionl, introducing Uifrvttyle mleasures
surigixfcnore a so-alld whnegative h fidig'is no amni information aimed aLit delasy ing any disease

manitestations arc., however few anid far be tweenl. proess Moreover, those nientaly and physically
Woist of all are findinigs which would be obvious
cau:.es of suspicion amlong designated patients, but
whichI cannot be referred fill to a correspoolding
imonnal material for conmparisonm inl orderI to de-Cide 0
to what extenft deviat ion!; froim accepted standlards
arme wa~lly piathoilogical.15

*Ex~miina t Sionis by inca usof advca nced an uidm
comnplica led met hods dvvclol'u'm /or dia5' ost c
Puio rmsr' in real ya lien Is are likely to comijuse
ratlher Mhan tvoieliglit unlests tie investigator
knows exactly why thie Irocedures are required in

*Order '.0 reveal Conmditions which ]night I ul tile
personnel at anl occupational risk, and, hiow the
eviden ce should be inturi rotm's .uml rinSed inl all

Fig 3. Sex and age sp ecific dt.ath ia tes Norway
Managmentand Rtenton I991 due to mnalignanit nevoplasnis (deamths per I101)

With respect to health nmanagemenut Laid retei ition
thle over-all pcueoviasttsisfrN wy fit are less vulnerable to disease, and, they aire
is already presented in Vig. 1. t tmmwever, Ini order to less likelIy to exhibii t severe scslnalsm a fter illness.-

A
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Tiable 4. Svx kind aige specific cosvs (if violent doatit It follows , ill. I 51.711ionl, litcdlth illanalguiniit nl Ii I
(Norway, 1991) re~tentioni of aiviators arie il principli,

COiiSidcraitions of livalt h niot of dhwasv~t.
-~cause To ta1 0) - 1-1 years IS yvars and

above' IS1aiiiiau~Lioui:. perfoirmetd kill ivyiipLomaici i

mIN 1: uiiitiary iviators, usiiig dniagnostic high
Acciden ts 1780) 30 24 10013 721 tiCliiiJ~O lg)? iisltrtuileliditdlo 111dy )It)[ Con [ib n I
Injurie's 23 - - M~ 7 L'S't'il tidIy Ito ioiciiddl decision wankinig.
Suicidtes o75 4 1 495 175
I loanlicides 06' 3 44 17

Therekfore~, doteituriiiiid iintervetnlion is leal hivaith
iu~ddgl~ic beUside'." it )g tally hltps lileud 11,1

Liccision-niaiking bccausc of dil vdsit'F 1CCOV0lY .itit
a more predictaible prognosis. In iji the I It(Q /'riiu; of
l~ime btivelire 20 t in 415 copiislitittv a crurial poriiid

oif agiei duing whait-11 fethie Iifrs ljl is, Ilikel Io

2,(perimcii, personinelW OOtIC I'd)v okuaioil success
dept IldS tili lIiil~ysled I adlkl IIlJ IjiitsslVNSti C111d

well to NU itdble tl.iaili g 11lt41idinnit'1s. IlitSV oi1V
itdiN~liiS Wh 119IIigl it sugtIiVMý Si wUld cjjilCenlir IdIc kin
hevalth, lnot dist',s. R.'tt-nit~i is quji'

t
e' diill'Itt

iilLr ince we111 IAC ii. it'dlly doaluinj Wulli SOllicO11t
who has bovt'i ill alreadty. lThe latit'r may lit-
I ililtUd by illy' tti hilifit'd piiy-sicidi, but for thie

I'Vi i'V1illtil t' dlVy s Vthe I IStit i il i1VItM-li ii.d Llit.

* ~Agailn, lil~dtlilik;l~liS Oif ilit,1li-) li.%a~tinl nl~iediejai
Should ilot iiitulgtv ill the li'ti"."nviit ii patit'ilts, but
i'altlitr e2VAhUohit' IeCi~y. It iS 1,11 mjore- iiiil)O1iit~ii
k1 ilte flighit sui)Pl 'ont) kJrtlUlly c'Ons.ider h1'ailli
Lt1,111 tW bet ny~Ci *t~iuOU, Aioiut diseasv.

.Summury
At wlecction iiliii tidilly ilil11IlO1,1111 iIlekitL,1
dt'iSjjilIS Jl' iiiadv, n tist tit thlem relyiiig kill sim~ple%
t'iiClil0 jle~thltid?. NUL-1 .iS p~rulil~iinnrY easc lsliN(ly
an .iui1hytliyiic I txanii iia tiii. iiftwmi,ilion oh Iainmed

u siy sophist icaited I -iborl lily iiittiots liaiy give,
0*-e16lcd iilfoiiitlyliti wlici Wh eltk t I aiS 1T evalu~iaud
dygainst tick'ui ,iioiial llazdrds, but it i% mu1 lortallit

* lto keep in inijid thait such prnsediins ari) ot
kclinliclly iiidikaldttd

is mot perfoinied towards a hiuCkgr;iound Of diSkYSV
but Io the cull tray, il tirder to proiiitv it IIal th.

Retenltion (If thlose treadtVd for hhllt'le;S . .1 titjL:.jOi
of litle"S ito flV Aiter VV,lilatiatjt If ti-~t'dtiin ii.

Clii icialls mai~y lit' satisfied wit thu lii I atan' Of *
liellt flight Surgeoins 111.y Or 11ly3 inot be hilji~iy

Wi liliii the II coil C1i duringi tilt' Ott'UjIi ilila I
hazad ",ii Of nii 11111)' dviataion.

U ___
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geitt'iallly chLarCtet iCed bly distJinctI ziok litetots: age osCi IXCII diafeiently associatedl with iltiitolsycliologic anld
401, lcniale geiidez, alcohiol abuse, pifiot: loied lujuiy and tieorophyeiolngical aspects ot MI HI.
mtiltiple tratniil ia Tble 1). I ilftctllies ill assessing tilie Netiaupsycliologic se~queltie as well as tietophysiology
exact: iik for wequclac: olany kind follownig at Mill amist: and neoroisnigiily otMIII will the exitonlited in the
from tile luck ofa precisec agreeciait amnong tite- Authors foullowbing sctiate. it msost he tatticiptited that referentee
oat when a )lead traanna,,dhould he classifted as mittd. T7he will he ollen maude to mioderate ar seveic hiead iajuirics to
classifica'tion cliieteia for Mill generally includet a closed- peXillt oit tlie seC~ilic sCiisttivity. laid reliability of
head injia y ((2111) with wl inlitial pcli hd of dilli~etit diagn1OStic: 1ph1iroaClies.

litcottstoltbtiess lasting less than 201 to 30) itinuies
according to dilbaciat Authiors, no deletajoatoit front an
otidrnusiottt-ilaagow Comta Scale ((3(5) score' of 13 to L,.. UROPSVCIIOLOGIC SEOUELAE
IS. nll Cott ialled lontlogi aplty (C-1) evidence ofraii
intiaucriitiial mlass lesion (with thke exceptiont of a puiluale~ Somic ospects of the 111ttietitas nieotoplsychaulogie sequlelace
licalotibage), mid tia initinci aniol coitplicationis soch as (if MII tinmost lie stressed due to their reCVlevanc for-
hypoxXia W1't02-4)() tiat 11g) W1 ntock (sytolic blool alicre~w ellicicticy laidlihsoty
Il s., ess < 90t mnulIgV* (7iht/u 2)

MEMO RY
belenory jut ultilitietit is a cotlititoti ekxsci icave tio heced-

'IA)l11,1; 2 tilpitti dpeople. 1 illicrtlties coiicanig, slot itty itid

WQE_4~~iiw mJ! tMIJ1 A1Idlm c'tt tuning niew itloinniation caut persist ltng etler at
"sulitactnuii rccoveiv of geucral itdellectital lintclioning.

* OC ditiatitti ' 30111111t tInidecetit' iii ci nuitenll verblal athld visiuil tlliteioty
tiiliitiiicltt ation~ [lout 25% In4tit 4, in ojodetately or

- iCS seole (13-15) severely heaud ainjired patienttl' ". ';cice mtetoito
i~clicits cati lx. found despitit Weelislet Verbal andt

No mt itns lesioti on Cl stall (exrej( il ttictle tetittia ililtge) I ci lolintauco Itliteligetice; Quotietitsti wvilhiit the ttuiuiial

-No Ityltitxit (Pit I i 0 it111i1t IV') ( lnte inciivltitally tmildly licad-ilqiijt-d ptatielits ailien little
delicits is t tiitieiule i ecall, wHIt delaiyed otenuty tiller

-Nit shock ( systolic loodx liesslit -' 9io ititidl Ig) a period of ish actitti is, sipniiiiciitlv ititllailed as

tvsI tot detect such iliiialitiieit is tile Verbal Selccilve
Remittidiitg I VS) proceditie" '11[his test is fteqaeililly
citjipltyod (tot evaltuate htaig; Jletin vet liii tieittoly, tmt aliiliiv
that depetids rl (ilie iiitcgi ity tiftemiijoia lobens. It conisists

aor 12-ward list admntimiiiled over 12 trials. Ott ielici
It ia the exuatltiter hteiellta oily Ihlose waids whtichlthe1
puicititt failed to iccultol ott le preceding trial. A delitved( I L ~ ~ j l lecall 1 iat it givelt 30 minteslt? allei coiiipletiont ofthe 12

kxrii 7I.Oiig t*2'lii ttiernoi0y fori intinetalv niitilnmiatioti cnaItli
" ft/i ito~sesoetwl daosigli aut aitalogue tfif th VSII test, tlte linlicilt

i4 uaokd to iccall a spatial ctifttlgtattoti of eight mittl llts
tstt a board cciisistirit oif 1ii locittiiiis, wilth a delayed

i-ot I (iSLt isalli W.oa l till l trqc~si-te iecull It ial giveti 310 tinklcs tiller ciinjilelioit ot thie 12
(it--u. 1t4. nu~tdi iid tials.

hInshot h-leit ii loiilt-uil (I to 3 utittobs) (ilie llcad-itjipt ed
gtrotij coitstutitly exhtibited defctlive btaseline

'Ilie exact site of' Itaini duiitltge ill MIIH is still titlter atl pulbt iii ttatee oil Atil such touts but tile petceiitigc tit
discussiont (fig. I ). Many dille: cut itie'liatdisilts htave Iweti lialientO liI lbilliltig wotrse thltat vault tl gxattps wt
ltisltalaled to explaini gross ato skiitle tieticils (itcall b e 910 cal-st tilr hoig-te[i ii1i01t10oy piMUoeeduris.
detected alter a Mill. (Ilie sliest-itt itt tmodel mtay Melituiy ittiptillitietl its a setetof Mill wcelit -to lie
amcomil Ij-rattJoaly ii ita locllgic atid leliaviotoal aspects of ýtittmeliow linked to lottattttctluiesit., a iwt lod
Mil' 'If -iis mnodel sulggest,; thut it(hlilot-eeerttl diii tg which the liatietit is uttable IL store or to ret ime
iljat lics pi odttce asoitit te ing atid tetirtl dcegiuealhutt day-to-day infot nuttittl itncluduitg oirietitationt to tiotte siud
itt asectdittig or dceidmliug tricts rfiflte Wraint s:eitt m ii qlatcu asn vell as evetits irtotiediately redigotf
(lie whtile muiatet of btitti leitatipltet-en. I tlictuiscitosiiess Itllawitig (Itnutta Q espee~tXively t etrograde litd tnititograde
is livrolxilicind Io lbe geitated 1iy in tilt Iid motivemnctl tif 11tltuesiti). l't~t-liauntiitic atlntesii diltulisiti of [note thant 2
(ilie blili aiilass withlt Itheskull, with a swt clcittg atold weeks is iloglost ic if tilttioiged or, peottilletit uietiiuiy
teat lug oif' (ible anaid impatu' daittage. I hit. Ii(ditig tif deflicits' ". (icniteailly tettqxirtt iiilhtltiotctetxtral lesiotnt
tincioscopie lesicts itt (tie miedulla Laid Potts, imii ttt y> itt tilte cOittsideted tlte moitti daltgerous for a proloinged

(ilie aiiia if tosttal pytauttida.i sceltts to sitpximiI this tieltfioly itliqsilitiicnt
t

.- I)itatittt and s-eniity of iltetitoity
ltviothileais. IlIt ilt steill axotatl degenlteatioll was obsel ned iiillairtleitn fillowing liodet itt or seveje head injtijics
il titonikeys with uceelctatianl-deceletatiout injinlies, Joc correlated to (,3CMSewei withinl 24 hams ofinjoruy,
alialogOUS to MIi it ilioutuurnLUs' - QpfjXcithett~r Itui~d duratioti of* inttialted tw55i005io055 anud
stittlilar lesionis upon poslaituttetit exattiitiation of icpaile oeiitloxcltliahic/uoettlcivestiliular Ieslimntusus 2 -" Nolt-
who had sustaine~d M1 ,it

0
-Thle palhloltgical fintdinigs hitve tcaetive pupt~ils dttt lug tile acute state of injiurv has. kien



also associated witl] nll increasedl incideiiec of titetulry nIls respecively inl uiildly. tnodeinwlty. and severely head
delieits' t '1

5
.
1

.
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in~jutcit patients. DlistI ziglie scheduled follow-up, reaction
(title ott choice rceaion task, decreased inure rapidly for

AiTENlICIN tile Mill subgroup its compared to (tote moderate head
Menital NtowiteS Idl deits.t inl thenI aitg or tasitiutitib1ig Injury subgroup, and lot this subgroup as cu -oared to file
attenition are ra -, to each utlivi and biiih ate freqitetnt severe. Reactiont ltune cut ye ott slittple reacti... Lisk
coninlauial of hiand itijured paitticts. Once agajin these shoawed it similar decrease bilt at Iiister pace, thisi
patients amay fall it (lie average ti-nge of intelligetice atnd luecreasitig tile gup oil thte cotth~ipleiy of tasks setwceeti(the
sintaltanecously perfointi cotisisieintly beilow (lie level of' sublgroups. As tie tesitlts of this test suggested, rauclioti
tioni itijored controls. As the dettatnd of a to ;k itivstenses tittie task~s can discritminate betwecit griides of sevetity ot
tcitetal slowness becoites nuttre evident, eq. pitying, head itijary aitd eoitpl'\ity of task ettiatices lthe
attetttioit to tiuce ditenetsions of'a stimutlus '.A divided setliniivetiess of tile test. ticetivety cot yes Ila (lie ttiitd
atteitioni deticitI (detined a!; stuwitess ti cctireousty head iinjiired iuligroap tipprotaehed (lie asymiptote itt few
controlled intthrnatioit procesising. wi ittbabii) h, process nittoihs alter t situtia.
miultiple bits; a'itifortitation rapidly aid easily) was fosund Itt a driving ability test. perl , otied 2 years plost-ittj it* onl
by SIUtos tal.2

3. 1 '. study cont~ined lltattasks of severe hnuntedplatictits, a signiticamit dilihiettee was fountd
divided atteittiolltiin- vet,' sens.itive toi the effects of limlo cotitiols Ill teritis of slilhlitig, litukinig, dodging cottes
uiitjwIy, even ill mnildly coneu~ssd or appainettly reenvetedl onl a sILalotttl. Sititlar testlts were achieved liy Vati
Patientst4 

2ý A focused nilcittioti deficit (defitied as tile ZOtIncetetl at a. ý%ui paientits who sustaiiiied sevci e head
Itnability to sulppress tot autot011aitai IesNIKIIns ienC1 itijuites several Vents cut tier. 'thease paloruts were uaskd
cotillieuitig i espstmse is denttiuded, or ais tlie miutecessist to driIve till intsti iumented car thlat acoideid latertal positionu
tutcesits ofretttiuduntt ittlom uttitio) wvas also tfottd by c011ii 1 itr l on a bigtlwa track. the1Y Mtutlihed 1)y age aiid
itea Authors. [ilie ptiencuts scented toi be less able thant (lie di winig espet etice to a cointrol gi oup. 'The Im Illtrier

cnitttol gi cup to igntore t eduttidaiit itittuitation. '[le perfot med Aoise itt (lie di ivilig tasks, as welt as Iitu
Authors suggest thiat head iutjitted patietits catl rise to itetnfopsychluogic test baltlem, ilesjtit the liilg inltervals
timed die dennoids of'a thecused altt-2iituii task hut are since their ittittiics. Atlthougli these ditta retiri to severec
iticonisistenit ill utnittainiitg nit ohititnia level of head itijutic~s. visttnuoiouo tuiobleto1 sotlviuig skills seet i ti
pe't fotatitice. be htightly cotielated with cognitiive t'ultielisiig atter it
Thea lASAT test (Paced Auditory Scriii Additiiit 'Iask)'m" Nil il.
ts seitsiive ito altteitliotitt deficits tolltitll suvetk it tijItn ics
utml is a gotod tHtm ker of IceoverV it MIII1. hI Itl Is test time l'IM E til M t tVINI

piticuit piays ulattuionit itoi list ill miuitwihs t esetitd iii Conicept Pt tutatiol litid llexiblitiv in tptlobetiistlil tiiy. i.ý
tapdleIcis dci-. lie is Iteairvirc to add mcli figuire to thie (tlez geaiieilly cinismidered it mn~eulsil- iif oriilo-ti ounla atid
ituinoediatly~ piceeditig, wvithi tte speed of piiisentat iii of' tetitlotl lobes fuinctioniiitg. 11itliuse while mlatter diunlage
(152 digits ptogto'sively inecrasing (e.g. i lie ters "S" ;and him also hiecit 1hypteized tol imitUi hi wit 1Ii0111ttii
3T anod ainswers '8'; then lietents "o" and auiswees NP) COIDtuiot tis Mid sulieni tiemit stIi Cttn C!v. WtscomisiiO" aiill

bimpainmetut oit this task tins beeni deiosotisrated till to 5 Modfiid t
' Ciad Sottimig,4 Ctest IMCS1) Citit tbe eiiilituiycd

Yom s jisvt-taital' "I".n irommwimll mid Wriglttsott to evaluate tiroblleuisolvitig citlubititv. 'thse ssedmnes
suiggested (flnt Millt sigutilicauttly reilares itile eitpacity ti use clards Litit1 van'v uliiig lthe three ditiutesio- of OculiOVt
process Iiiliiiniatioii ialpidly miad thiit deficit inl iniihtniatiati tiitii. atid inamittie 1,e Isattict is asked to deteiuititte
:totiige mild rettieval atie esNaeetbied Isy stuccessive iijin y witichi sotiitg iiite is conezi basedl tponiia t eedbhaclsk

R5~-Ieactioti tti i tasks at-c ustiitlly altered il ii bed giveti liy time exintimetnc afteri cacti (lat. 'Ilie sorting [title
izijuted paltientis. especially ift' illhi ot orl multipile stintttui eltunges utter a sevc ohl cot zect siitts. IHead mnused
aic presetited at (lie samle tue 1-Ii.13 lrivitig pet sits Laid to iteike persevetmittit ci mrs (stayinig. wih it
Iietibiiaitttce is mi, ctselletmt exaitplle of such inipiaiiitieit pt evioiuslv ri "itihiced role desj'iie teguitive feedback) nut
andt will tic discussed liter. gemmeratitti iif itow hiypotheses - 'I lie M.CMF iv A Imcmally
[li tlt: iaCiiUijSIit Ityp ittsized lot ftltis kintd otitnionuge mite eiiitlox'ed aloiig withl the t est oh' veilial flitetcy 4, which
eilithe a degeiteratiomi ot tile white ttatter or a dillutse i" Imoalgttt to esplot c left liiitilol lithe: filuctiottiiig, itild tOm
iautonil hitjury. test of' design lhutleiiy4 

, which is tlioigltt to "xMotile
righit thisotal Ilbe fuictionimig. '[le frtitier eoiisists ill

VlSI t Mi ltoRl Ato~ll I'Y generittiug uirdsi beginnting with a designtated letterj
Vati "'MCiVirti uttd l)ieClniamt3  peCrfontield a 2- vein inlloxv- withini a tinie limiit mif fit secitmds, whleti e bc(ieItter cotisists
tip study ott a grotup of 57 C1III yotiig m'iile pt:Ttt h'ie ill itiveitiztg desigtis tliiit can ntiht liemittied, Inukititg tteiit
giaug was divided hint three subgrotuis Ile-iiilitt to thle different (li te origitnal dosigiis. miiidei limid

*severity of trauma (tiild. tioderate, or sevete). 'these condtitionts.
Ilalicults were teateil for reaictionsittizie n)it bothi simple aiid
four choice visual reuctiuti task. Ilic applaratus was itiade
ofa ittiel with a vertical row of four white lights, placed 3 NE(1EQIŽACJINC Oft Mitt
text Ito thur black pusti-blatomus (Iin the siitphc reactitiLI

lest oinly otic ligltt midl sue button were visible). P'atientts Comtputed toninuguapity (C I ) sciuts sme routiiuai ily
were asked to p11.i thle buttoii (text to thea treseutd uromied t ttreiydlnite its rnittus centilet i
stittulus, as quickilyas possible. ltea e11et of groups was iieurusotagtcl uaitit. Ut is of grnt value ill detcctitip
touttd to be sigtufit'tatt thre ovetall reaelioti tittes inl each lesionts requtirintg 1uteUrotrgical ititervetiliot, sitel as
ofmthe groaps were 3116, 4015, antd 465 tits (ititliseotuds). epiidutriul ormiubdotaul Iieiintonins or intrapareiichyinutn
T7me iiiteractiott of'groups atnd comuplexity was also liemioririages. Nevertheless it fatils to provide useful

signufctriun, a.4 the dilrence of reaojiithcMis~we buWCIiforniaflon about prinmay ccrebralmoagrrhle.Pimary

simle ndchtixicatio tskbwa 19. 28,Lurd 69 ntaf-arcicyrnl esinsnjcnana7 scn nlyi-
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seve.cel, injured patients. Maagnetic resonance imaging it was shown thut the EEC, pattern correlates well with
(MRI) ...nsitivily in detecting primary brain damage is tit cerebr al blood flow (C1317) and mectabol ism (CNM) under
least twice as high as CT 41. Jexinins et at.42 studied 50 normal physiological conditionse' -',* even if in die acute
patients with closed beadt inju- y. Of these, patients 4 did phase after brain injury there is often hypereiniia isl spite
not lose consciausniess at all, 4 were fully conscious by of reduced cerebral flunction - and slowintg of the EEG -

thle time of aclmission to hospital (GCS=1S). 14 had a i.e. anl uiscoupling
2

,47. In thle later chronic phase, thc
tICS scorw <8, and 28 a OCS score between 9 antd 14. coupling between function and blood flow is restored.
Forty-six patients hed an abnoonnality shiown by MRI 71hrec mainly neurophyiiological approach will be
(lesions involving the cortex in 44l - in isolation in 14 and considerec contventional EEG, quantified EEG (QEEG)
with other lesions witilin the parenchyma of the cerebral and EPs.
hemispheres in 30). CT scans dectected abnormalities only
in 25 caso!s (23 had ciortical contusion, 23 a lesion in the CONVENTIONAL. LEG
subeortical white matter. 3 had deep lesions). MIUI Conveittiona LEEG mnonitorintg iii the acute state provides
findings seemed to cor-relate pretty well with the level of valuable information about changes inl Use level of
consciousness. All 4 patients without loss of consciousness, with certain typical features that are
consciousness had a cortical confusion but ito deeper related to the course and to the outcome of head injury.
lesions. Eight patients lost consciousitess for legs than 5 Irrespective of tite patltophysiological ntiechiutisin(s)
minutes, 6 hsad cortical lesionis and 2 had intracerebral underlying the tituronal diamage in head injury. EEG
lesions. O~f31 patients who had an inipainuent of abrionsialitics can occur for lesions both of the brain said
cntsscioitsness lastintg more thant 5 minuates 29 had cortical of its protective coveri-gs, and may be due to both diffuse:
lesions and 24 Itad subeerticat or deeper parettchtymal and focal changes which mray vary froim ole mometnt to
lesions. It is interesting to notice that all 8 patieints who amothter Thecy depend oit tfice tibmc tromn Ute ontset of

jrecovered full co~isciousltes, had cortical lesions, but nio injury, its evolution, the Appearance of conripliensions. and
te"io11 in the white mlatter or basali gaulglia. above all ott thle patienit's level of consciousness. Thec

L:v in ci al studied 21) patients with mitld or inodeotte following arc seine coinvenittonal (visual) EEG features
(GCSt btwween 9 and 12 irrespective of Ci fimidings) mtostly occurrinig iii severe head injury 4

head raiturna' 17 had lesion that were visualized tiy MRI (Igeissilized abnormalities: they include, iii order of
bitt were undetected by CT, hincludinig g patients in whomn decreasing severity, electrical silence (braint deatht),CT 'showed -o evideitce ofiani intracraitial lesiont And ninie diffuse depressioni with bursts of.-ilow waves; geiteralized
in whom MRl resealed lesions ill Addition to those fountd slowitng (with loss or clear spatial distribution of
onl CT. A dirparity of CT attd MII findings About the size rltvtlurns); stow~itg of the alpha rhythsni (alphia coins with
of intracranial lesions was alvo described. htl this study mutbifn It cfsec rltytlln); genteralized fast activity; diffuse
Levin et At. investigated thec relationship betweeit MRI spontanieous spike-and-wave activity. lltc last one occurs
aitd ncurobeltavioural stequelae oflhead traumna. Frontal onily iii children and if it appears after the age of 15 years
lole lesions were diftcretttially related to die a pastor fianil- hi, ry of epilepsy should be
imlpoverishecd gemmezatitil of novel responses alid to inivestigated.
increased perseserative errors, And teimporal lobe lsi-iots localized alvuy. _litics local reduction (anmplitude) of
were associated with disproportionate impairment of' alpba rthythlu; localized flattening; localized chatige of
loiig-termm memory. Reduced verbal fluency was conunion alpha freqitency-, localized slowing (theta aid delta
iii patients with left fronttal lobe- lesiotis. l'arettehyinal waves).
lesions resolved within I to 3 iionthis aitd thils %%,as Socle Tirrittive' abnormialities : isolated. spikes;,
paralleled by improved pertornmoce onl clectrographtic seizure uctivity (primarily or secondarily
neurupsychological test atid resumption ofatinvial generalized. wills marked asyninismtiy laid focal depression
sctivitles. or slow waves).
Few studies haive investigated thle coirehatiois betwectn
regional cerebral blood flow aiid micaropsychological TysvfaLr" hias recently stttdied MIII vxuainliing active
finidings ol head injurie'

9
-

5
. (Mser et at. pe~tortned a football (soccer) players Anid fanrner players of thec

Single Phiolon 'Mnisiioii Coimputerized 'I rasograplty Norwegian natioiial tesrms w~ithi conveintional EE U
(SI'ICT) oit severely hecad iinjured patients- Trhe value% of' evuluatloits, fitiding a Imipter iitcidence otAbiiormialities
regional blood flowh were correlated to helvivioural and in both groups than tin cotitrois.
psychosocial evaluationi of the same patients. A
sigilificisot correlatioit wsas found hetweein low regiuisst lost-trauqnatic epAIeosy (PTEl)
cerebral blood flow in froittal lobes and disimthiibitivc M'T is oise of the mtost cotmmni maid serious late
behaviour. I l~igtr left c ceibral memitisplteric flow values coiiplicatiuti ol' ead trauma.
were associated A ith worse social role funictionintg, In different studies the rote of lTE amnotg the several
iayuvk doe to the patients' dee~per uwarcoeý,- of their types of c,,ilepsy rang~es from 430/6" to 23%"~. incidence
residuul defcits aid problemus in social adjustoenii, aid us males IS at list tMice as highL as in fetiales. War, honic,
coilseiNueit withdrawal froit social interactions as tht. sport, industrial, and mainly traffic accidents are the most1
easiest coping strategy Available. Low flow values of right frequent causes of head traumaAnsid PTL.
brainl fegolois were Associated %ith Aggressive behlaviour. I lead injuries have complex inechmuxisins. Th'le damage to

Uie brain tissue may be- much more widespread with
rce.pect to what the clinical, LEG and CT scan findiings

4 NEUBGPHVSIOLOCY OF MHIl may suggest.
It is very importanit to underline tite diftiereiice betwecin

Ilie micurophysiologiczl approach to the htead-iisjured thle tenrmsepilepsy and seizure mid, therefore, post-
subject tmtcitly include electruezseepluulogiaplime (EEG) trawrnatic seizures (l'TS) atid PIE. In fact, epilepsy is a

Land evoked potentials (1:l1s) exarnimiations. For :instnmmce. chronic brain disorder characterized by reculrcritt neizuzes,

.3
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whereas a seizure results front an excessive neuronal quantification of neurologicali damage, a prebleni rising
discharge. Any single epileptic seizure after head injuries even when evaluating EEG only with a visual approach.
is not IIIE but either an immediate, early, or late PTS. The development of topographic EEGI methods with
Chronically repeated seizures may be considered PT1E. computer frequency analysis, i.e. QEEG, provided the
Although there is an overlap between the thrtee types of possibility of a more detailed regional analysis of EEG
PTS, they have different characteristics in terms of onset abnormalities. In particular power spectral analysia of
after heed traunia, triggering factors. plathophysiologicall eoheretice and phase of the EEG has been shown to be an
mechanisms, age dependency, clinical counse, useful techniqur for the diagnosis and prognosis of head-
responsiveness to anrtiepileptic drugs, and above all they injured patients. These sophisticated procedures,
imply different risk factor for the development of PTE. involving computational analysis of the

neurophyaiological signal, were recently demtonstrated to
lImmediate ?TfS be an effective tool in reflecting the topographic
The latency from traisins of intmnediste VTS ranges from functional inhomugencities present in msild head
seconds to max. 5 mini., even if sonc Authors hsve trswaturiP 5","- and the best predictors of outcomte at I
considered higher limits up to 60 min. These seizures yeor following severe. mtoderate and inild closed head
mostly occur from I o 5 years of age. The incidenice iijiuries57  

.
vaties according to the upper limit of latency. The clbnical The results of a recent studyM demonstrated dint LLG
feature is often that of generalized convulsion. T~hey have coherence and phase discriminaited patients admitted to
no effects ott P7 E developmetia an etmergency service with mild head tratana front age-

matched norinals with high accuracy (> 90%) at various
Early PTS timec following in~jury. A specific clcctrophysiologiual
They occur fiom 5 mini to I week aifter the trawrna. 25- pattern was present shortly after injuiy and persisted in a
3U3% of early seizures occur daring the first hour after relatively stable fonti for run extended period of time.
head iiij ray , 5 4. *llty are nmost frequently observed reflecting a difterence it? the nearoiphysiological
during the first year of life- Trhey are present in thie past orgunisation of the cerebral cortex in normal versus mnild
history of 25-33% of the l'Th' patients, with a higher risk head-inijured individuals. Three classes of'
for those over 16 years of nge land 2/3-3/A of early PTS eleetropliysiological features were folund ill this study:
are followed by P11 55 

-5.5,96.class I was represented by local fronital, temporal and
eermtral-parietal abanurmalitics in EEiG coherence and/or

Late PTS phase which involved short interelectrodc distauice (e.g.,
* lliy occur utiler the first week post-traumia 95% oft'de approximately 7 emt); class 11 was represented by long

cases occur within 3 yesars atter the traurtia. ititerelctrode distance (e.g., 21 cmin), intralicmnisplreiic
power differenices; (i.e., firontal-posterior amnplitude

Iiae incidence of head trawnau Wiloitg patients with ditfferetnces); class UW was relprcs*utied by dimitialoled
epilepsy is 2-3 times as highen as its general populationi. alpha activity its posterior cortical regionis (i.e., occipital.
Theire is a good correlation between the severity of head piarictal and posterior temporal).
traumia and die onset of seizures. Closed MIII causes Thlese Authors considered these 3 classes to bie consistetit
seizures iii 0. 1% of subjects . PRer I year asid 0.6% after 5with the tuechaiumis of cerebral tratuma which involves
years whereas severe head injury implies seizures iii shear-sitaits and rotational forces that deanage white
7. 1% after I year and 11.5% after 5 years" t . tuatter, laimd localiz~ed cuimlusiuti of tie grey matter: die
T'he loss of consciousness is thne moot reliable itidex of localized frontal ELG~ coheirence and phase abrionnalitics
braitn mhsanage. D~ifferetnt levels of consciousness after art! consistent with localized contusiotns and axonal itnjury
]lead trawnau were corr elated to tric incidence of early to frontal region,. die posterior cortical dimittished alpha
scizures during war time head itnjuries: alert soldier s, activity is consistent with "ecoup-contra-coup' dattage to
soldiers reoponding only to comomarids, and soldiers posterior regions and reduced cortical excitability iii
respondinig ottly to paitnful stimuli had early'seiniurs getneral, while the ditmitnution offdie intralmeitisplmcrie
lwoportionally ranging froin 2.8% to 7.5%'". Thea power differenices may reflect decreased funmctionial
duration of loss of cotisciousiiess is also a predictor of the dilTerentiation between anterior and posterior contical

*occurrence of seizures. regions. Whlen die patterns of tliese discrimiinating LEG
Another important aspect to take inito account is the age vna-.ibles were coinsidered an a whole, the imost conrsistent
of occurrence orfdile isatinia. lIn fact die upper linit of itnterpretation was that the consequences of a mimild head
latency of seizures omiset is higher fur childrent than for injury are die developmentt 4' a new neuroplmysiologieal
adults52, stable stcte characterized by a comntiniatiotn of die effects
Inm conclusion, the risk of developitig PTL depetids ott thea of localized conitusioni and a dirainutiun of the total
nsature of head injury, die duratioti of loss of inagiutude of funictionail ecrobral differentiatiots and, thius,
"cnsciousness and of aminesia, and is much more higher reduced infortuotioti processing capacity. Mild head
in severe penetrating trauman (50% of PTE within the first trawna patienits appear to exhibit 2 compotients of
year) respect to blunit tratuna (5% of PTE widiiithde first cerebral damage: (1) localized dysfunctions specific to
year). areas ofmtaxisnal itnjury, attd (2) a global or generalized

* state of reduced infoninatian processing capacity.
QE:EG Thea strength and temporal stability of dlie EEG pattern
The constellation of posteomicussion symptomns typically vere therefore thought lo be indicative of a new
reaches its peak in the weeks following die inijury and equilibrium state oftdie cecrebral cortex which allows an
sometimes persists for 6-12 months. tHoweve., there is no individual to cope and adapt to tile enviromunent avert
agreement in the studies about die resolution of these though thi. nervous system has suffered mechanical

*syllptoms after this period, mostly because of damage. An important aspect of this hpothesized
tinconsisteticies and difficulties iii the detection and cuynaraicil "new equilibrium" is that it appears to arise

l j 4.
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shortly after injury aid persists withr only slight decline inl concluded thuat both liontali mid parictul counnpoircitit is
inagnituda over time. 11u; laictioiral signitificnot ofthe well as hoth latency anid nrplitudc of tire frontal
relatively pciiriaient and stable 1,~t d.scinvinarit pattcr conliponeit niru.t be considered to obtain thre best
might be thre degree to which it allows inidividuals to Prognostic evaluation ill Sl H patients.
utilise; availauble cerebial resources. Mor'rover. tOe lI some studies El's appeared tolbe more roliable than
areoropsychologiual deficits observed in mild head-injured auditory respronses ill preidicing outcome1 ill subject ill
patients are not inconsistent with these QFEG results co-as due to severe head LitirniiaM

1'"'
Iii another investigation measures of Conventional ITO
mid QEITG, together with other diagniostic procedures, Abnormnal braini-stem uuuititwy evoked plotentials (BAEl'S)
were uitil~ized to study patients with chrmonic trautriitic me. predictive of an unlavoarable outcoure in wevere head
frontal lesions"~ m A high worrelation was found between tiaulu.
lesion volume (measured wsing WR rClBt, SPIECT), but lin MIIH JAhil's investiguled at the; usual stimuilus [ate or
not injury seveuity as neasiured by winseitoasiess I(1/a did not show signilicuirt irrtcrpeic". latency
part-ameters, and modal frequtency in tite EUXIM. These diffirences. Increasing the stimulus rate (551s) it was
findings see-ru to be contradictory, but (lie Authors possible to nirtairi a siguilicarit but reversible delay inl (lhe
hypothesized thart arcasirrig injury severity inl tennin of Ccential Conduction timne'.
duration of impaired consciousness, a coliunoin itidex in Chainges lin the morphology and lin thre latency of the
studies on closed head injury, miught be misleading in waves 1, Ill and V (signiliceantly proloi'ged) were found inl
crises, of penetrating or open head injury, ini which loss of 5 11/ of childreir inuriediately aller heard tralunai. Thne
conIsciousness is less L0om1mon1. lin these cases, both lesiont regiession of'l ltre rnawmtically- conditioned J;All,'s
volwrne and indices of impaired consciousnecss must be changes began driiing the lusti days alter traunin and
conaiderert when determining the injury severity. finishied within 6. nouths in hall* of the elhildicit''
Moicover thre. iodal fiequelicy, and to someo extent thecta thec reliabilitiy ofBAI-lt's (and also middle latency
power, correlated With neortopsyehologicnrl test jesults tuni responses) ini plediictiiig tile outotimle of ,evere heaod
gencral outcome; ratings, injury apellJWS to be gloater thani Other usalnly Wujiiderd

cliiead :instmrrnictal data (age, tic's, CI scanl,

Nowadays 11's provide co.L-eilective, r epi uduciblv, 'rhe most coranuonly used paitamelers to define aibimuinl
Sensitive, anld qUantlitativeC eXtrlUsion '1 o tthieliical1 IWAIhi' ame, tnil niceawe inl tie wave I-V inteival out (le
ueurcilogical exatuinkatitill. loss ulrLuiy 01 (-lie three nIust stable comiiponnents (I, 1ll, V).

v The pltictei-shitl vistuil evoked potentials (VIt's) -whichl
Soinsioserisary evoked poteiitials (511's) recorded (iruin useU astiuCiUCtu Stirii~mlu. Were found abnorimal inl MidI
(lie SCal11 over the par icial regiolns have been widely used subject.4just inl little pIMCeiibgte (11%) While like CllaingeS
!in die innuiagineicit and piorgnirstic assessuiient ofartihntaLS Were inureC 1%;isne iiimdiaean ee tha
with sever e iead inim iy (SI 11)11".3747,ý 7WN Injury (39%)
SUi's allow time calculation of tire "central sontsnoy
conduetioni tilne" subtracting thle pecak latenicy oll tie IiXamniins' niuh1tinmudcahly evokecd p~oten~tials (MMI ilS) it
cervical plotential froint dart of the initial corteieal response has beenl evident that (ile ifinei iRV or coulplexhty of the
(1,13-N2tI). it, subjects; with pout trainnetic Willa this ENI' wtivefounis appear to bt. the blest indicators oft(le
measure isau reliable inidication of outcoiie mikd an rversibiilty a'olinury of the CNSQ'' "
assessmienit oh braiin lnutuagew ilneir resistance tu 'oecit ts. ils apmomipet;ive study showed (list
sedative diuga amid (lie relatively long pathway, including brain coucusisiomi (MI UI) causes a ditl-cient patieteil ut
brainl-steinl nild(nlrn-eiia structures. l'avo made MMEI's shrotinaulities respect to braiii contusion. lii
SElts a iiethod ofelinice ii St UI, lin which hi-sin-stein conlcusasion tie highest hiectilencey of abnormlItLY occuis
damnage is frequtent aid rcluxtitioir and sedation often duiliiig (lie firtA rloirl sfter tire tiaturna mid the lowest
tender clinical miii electrdciueplnalugraplnic evaluatfioti incideirec alteri G-h uuntlis ailler (lie tratuma. Iii conto~siuii
difficult. A quite conlition feature lin tile literature onl there is i highesat iiicideiice olalinot mnnlities duriiig file
SII's in head teoimila is (lie possibility ill seinle patietita Of first nionthl Lord even air increase at the endl oif(lie follow-
a good recovery of clinical syruptonis with still ohitornaul till) period.
Ells. Soinntoseirsory evoked potenrtials were touid
abarirunal in a high pxercemitsge of patients with severe Žgett jh j Mli)
head traumna 94,11% Wills aire genlerated tby stiiuiaution Of' tile orautorm COMAe
Moat studies agree that (li presence or absencee of (lie through the intacl skull. Although MEtN provide
pluictal ors,,n)aaineniral iEp over nunt or haiti objective. numierical data rcltiiig to (lie funlctionling of
hemispheres rCPreSe~tS (lie iirOWt ini111iilrnit siingle central motor pisthwuys, Ebnter and Zentisertm4 showed (liat
predictive outcome piaranmeter. SlUN' are vulmieir to M~l's us prognostic iiidicator ot
Some Anlhoss have recelitly founid alm interestinrg ennlui iiisevere cloised head tralinna.
dissociation oh frontal mid par ictal coiinlmoiieins of SE1l's in
Sthl hr'M i particular, their resiilts shomw that oii thit basis o1 -ygga qjtiuy ojlsetjiglJ (Eveirt-related evoked
dlie nornal pairictsm SliM, tho piogniosis would have been lioteritials. EiRIN)
estimarted far too fauvourably, whereas (lie strongly Rtugg ci al." suggested that Mill; imight be an a..eu.il
patliologicall firontal SEI's reflected (lie ountine mrore mecan to study the cifixhts oflbrain injury beeause:
accurawey. Moreover, ill tire absetwc of purietal responlses - MIRS mlexaesitive to u mnaluibem of iimportaint Cognritive
the preservation of frontal SEI' components allow3 for a viariablesm:
better outconme eitilaute than would be suspected fromi - tiey give a relatively direct real-tune record of somec of
esslauthig porietal responses alone. 11h; Authors (hulie nursl eveints Correlated With teat o1 pere foriliranee;c



fithe scalp distribution sitf+'Vs absoonaulitics nuty allow elicited ill controls by Go stimauli. l'aticntn tesultedl over-
tle Conniduaiion of htypothieses of abortuon lly ttnttctionting responsive to N .O-tt stititolt rather ilitl nittder-

rcgieoa of the brain. tesponsive to GO stimuli suggesting tInt: the ihibitioni

.sensitive iixdcator of cognitive unlpaninient that Correlated one. I-le late CN V ( 12tLM-l StM ins) central tuaxintuia laid
Well with the findings nit neuropayeltological tests4. The a dillareut relatiotiship Wilit tT in muontols and in
P300 latency ahnonnalities persisted While cognitive patients. Focal lesions Of thie (initiall lobes wc at coation~
ahoowrialities retanined to nonnoullity, suggesting tesiduall se~quels of closed bend inijuy. InI the patients ci this study
cerebral dytcisnetion in seve~re head trawuna. lFodtcenttcr, 9 out of 20 tad liountal damnage (hoetttatwnau and/or

In severe brain itnjury it is possible to elicit a l'3(tM-like conitosiotatY Gte group of patient haid ant excess of'
respotnse alvi iii patient in a vegetative state exposed to perseveitative enotis at thle Wiscotisini Card Soitnig Test
Passive 1'30(t, with E1300 anliplilutice larger during a wichtet is sensitive to fronltal lobe dlataigei?.
bthnodali' slitnnlus". Pialap-Chand et at." cmul ki out a
fiollow-i.4, study in a group of subject of ditIvi ent age and
aex Withi MIdi using a classicail auditory oddball Li. AEROM DIIBIAL DECISION MAKING I
paraudigni. ITtey Alatd aigsiittcut aibizormiitlitv (with fjj
respect to a toatelied contitol gioup) inl 130t0 latetncy &oid
amplitudel (onl Ce-MI +M2) in 35% of the patients iii die llie tetatis'uship betweena thte ourotitedicul cxinttiltt told
post-concitasise pertiod (withitt 4 days liuit head Iutiaina). Cthe subject in ltke niedico-legal context isl csuacteiiz~ed cy
No corrlotuioti wats fountd Withi (;CS (13-I5), duration of' tile pos4sitdtitv ofstittulatioln or- disitaiitluatiott of a
loss of c-ottsiousitess; (nitix. 3Ct tinit), plit-Cratuatialc previous lecad taunts unit related sequcelo. As a
otIUteiis (tita. t6t Mitt), LU14d lxs-cstsioi lsydiotite. conseqitetcice, the mtedical Itistoty as tepitottd by dtig

iThe mIoLSt intitetetilg re:sult - firl tile aejontediWa decisionl subjLect is ttot always t elitibte. 'lite bt: Sorettjeclive and
ltiakitig - is tltat tile atitotittalities imptroved itt a period of specilic diagitlostic Pi ocudotus are: of ttutaali'Jottt
about 3(0 days. The~se fittdittgs ate it tigreemntetitwit titipoltatiice.
tho'se of tientilinli Ct sl." who tictild Chait copinitive Sevetal sttudies inl tlte litcuzatitt extantitted a tunitiber of
ittpsittitett did tout pet sist oil,: itiouth utter Mt t1. Woirs& dilicttt diaignostic appittisclis with ditlbitenti deweceso'f
al at2 4 in the saint, above nienetictiu ! study did not [-aid sensitivity, specificityv, and reliali lity. Nevei titeless, ati
11 Iorittul 113it lateitty, wherecas itegituail (1l1 aid ts) exhaustive diagtaostic piotocol Witlti sit wiequivoent
V'IM tatpitutitde was smtuller ill patienits tttott ill cotitrols. piogmicatie value ins litot lictmiolotid yet. Il it iet tIttaty
According to tile cut rent( hypotheses attout 1'3O0t studies onl Mill show winie of tlte tisllowitit lintitatioits:
gettettot a and slg~i' ticattee tItic, fitndings were the reliability tit tlie doianicittatioti of tiattita sevet iv,
explaitned itt termas ot aii itipacit d cognitiive icessilig ofl the cetittide abott [iite atbsentce of otithe cuseus ol'btain

Stile stimulli due to tam frontal lobes duittuge. It wentis that imnipbienit. die lack of cottutittaility (ilte to die
as a geilecal fcature: thle dysfcocteionflainuage of cetittal exoaninaitionis etried out atl diflhietit tittle istes vats ill
nervous qsytuni Is buttet rluttoa ctrve by dile d&lew 0c o dittiueitt studies (iii partictilat title longitudinal ontes), tlte
iiltpltoveltettt tilt repecat testing iuthier thant by thle itabsolutte stl,4Isett iot evulaluatio of hirenirltoid tteiacottitig, tilt: tack
salutes Oit ['3(10 iuntlitude anld latency. ofeottisiol groiups aitd sepestud me1asures, the
Rtnag et, it." t ll 11 Simtple Oddbsall patadigti foultd thlta ilitlotittttt'litey of th1a gtctps studied Wiit t siect tIt sex,
their patients Wiit hlead lisuttla hadnallsi clitiniced age. toid tittle victie thet trittitla.
aniplitode mid de~layed Wlateny of the N2 ctttilsittit of' As a genetul tute itt Mill. die flutneotiil clanige related
thle Icespolises to target tonle. thecy itterpreted ithis finiding to alstioritthitis atI dilereiti level itfCNS; tioilil tie
ass deficit of, tic eflicieticy of'eanly peiceptiual detecieCd. Sotit l~ntietOttat alteIUistiois, ltowe:vcr, trtity itot
categorizaticon processes. telleet a neur-ological damage Jue toI the trautnit if they do;
Cm tYInl re-potted dust patients who hod sudtet d nlot appear within m'atte l ittle, altl thle mi iiiy. It is notit
titodetate maidsevere hlead inijuries showed stitullet ltoe, ti'r itisltiatme tatiteutrotie whiplash stitjeels Ittaly try
dilIetteesCC betweenI Uii taid NO-C;O Contittgeiit to achiev a gainl Iy sittulationt or exaggetittioti.
Negative Variationi (CNV) tists thtan cttitiols whentt Moieover, it is possible talt bechaviowtal data we )It)'
tested sanc tioitiis ailter tlie ttaitttn. Closecd tend itijuty ecIisstetIt Witli kitowU t 01assuttied lesiotisN.
Italy cause aný iltipautietitil inl the use Of theL itinisiotuioit 'The ltend-itjuited tratticat should tic- existtitied rUs sooti as
whtich punuits dillihretmtial responise seleetitantoand also iii ticsibli: tor tieulico-legut tensons aid the exaoitaution
%(titt%: aspects of prelaiatioit to mtator response. shioald bc tepeacted at least at 1, Cr, slid 12 mcouths otter
Rtugg et alI.35 have recently counlinted these data stiowitig tile tictatott.

fClant itt tutrxierate/severe closed head iutut!ais die ptatients, Inl fa"t, we suggest that diis extuntittutitt cnit l C itht e a
usirly UNVs ("otetattlintg" comp.I"N did 'tot iicuropsyciioiogicai arid o niutopttysioilogieacl evalnatiotn.
differetntiate GOC and NO-t) Clists white late CNVs4 A cottpeltetisiva it tooipsyeliolognl evaluationi should
('e~xpeetIcy' rottipottetits) showed sticaller tOItNt)-Ut) etteuiIpamS a tastCley of teIst ill cRId. mi assess ditihetit

patients showed larger absoluce interttetitiiiatheie capability and vilsuo-itttott Atbility. A battery itfstclt
asynotietries intt ealy CNVs thant conttrols sutggestittg thiot itighit be a I'ASAf teat, a VS14 prnssxdue. a MCSVL old
cite hetitispltere itud received Ittote severe dittaluge thtan a ittultipte choice visuatl tuartioti tastk.

die other. No ditlaretilcs were foutid intt de late CNVs A reatrictioit frotin flighit duties or Oilier s~illtcrqttiiting1
neaither itt die NI cottpotiett betwee.n patients Latid activit i, . is tularutaicy untitti t'ntittlisutiott of'
contitota. Alt ittisltnit. titiditig is diot GO atid NO-CIO) iieultcpsyeliologieoi hamnaisctts.
stittiuli walte eqNitly 'salientit for tattietuts ais thiey evoked Neverthleless, we be-lieve dlint, itt cider to avoid ant
froittal tiegative waves (3t0"MO.N itittc otter SI) of equal utitoecessaty petiod of, restrietiutit 10th lhligt duties told,F - ~~~~aliplitude. 'teewoves were equtal iii tagnitittde Cto thtose ill thae iticarititite. tnt curly toid tastetitially etailgetous a



retlur to tliagjs, 11w-rk is leest ifollwn H inure detailed -_______ _____ ____
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by LtCol H. Glaser and Cpt Dr. W. Freund
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Postfach 1264
D-82242 Fdrstenfel dbruck
Germany

One main category of decisions ting of higher brain func-
in aviation medicine deals tions, and sonotopographic me-
with the question, whether a thods neurology for the most
particular person has. has part utilizes the service of
still or after a trauma or the specialties radiology,
illness has again the aptitude psychology, and angiology,
for flying. One of the diffe- while application of electro'-
rences between aviation medi- physiological methods like
cine and clinical medicine is electroencephalography, olec-
the different reliability of tromyugraphy, neuroytaphy or
medlcal history. Patients of- examination of evoked poten-
fur their complaints and symp- tials are the neurologlual
toms with willingness and specialties own methods.
frankness as they are lookain
for help. Our clients some- Based only on informationo
times offer thelr' medical hi- from medical history, an ap-
story in a more restrictive plicant for flyiag will be
manner. In addition aviation rejected if e. g. syncopes,
medicine has to give a progno- epileptic seizures, or a ty-
sis about and minimize safety pical migraine including oph-
risks. And even the most wil- thalmic or neurological bymp-
lingful person cannot give a toms, or recurrent reversible
meaningful answer to the ques- neurological symptoms are re-
tion, whether the individual ported. Pilots or crewmembers
risk for an epileptic seizure with such a history will be
under special conditions Is dismissed from flying duty un-
elevated or not. As input for less extensive examination and
risk assessment as for deci- adequate treatmtnt, if neces-
aions concerning aptitude for sary, can exclude further re-
flying, results of examination currency.
by clinical and technical me-
thods compared to Informatlona Decisions about permanent mal-
from medical history have an functions of the peripheral
even higher relevance than in nervous system mainly are ba-
clinical medicine. sed on assessment of the re-

maining function. Electromyo-
The task of neurology in avia- graphy and neurography in this
Lion medicine ist to deter- assessment pl~iy a less impor-mine, whether a person is tant role than in the process
without disturbances of the of clinical diagnostic exami-

nervous system's function and nation. To which extent a sen-
without elevated probability sible or motoric deficit is
to show relevant disturbances relevant in aviation medicine,
in future. Besides medical hi- depends on the remaining abi-
story and clinical examina- lity to meet the special re-
tion, decisions are based on quirements, independent of the
technical methods. Concerning cause of the malfunction. A
image generiting methods, tes- motoric deficit e. g. is more
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serious than a sensible one, a epilepsia or chronical in-
partial sensible deficit of flammatory processes like en-
the upper limbs more grave cephalomyelitis disseminata.
than of the lower limbs, and a These groups of diseases re-
sensible radicular syndrome of presented by the examples own
cervical nerve root 6 more the characteristic, that ;ymp-
handicapping than of root 8 toms are, or can be reversible
because of the effects on pre- and there exist shorter or
cision movements of the most even longer periods with only
important fingers. Crucial in few or no symptoms. The proba-
every aingle case will be the bility to find symptoms by a
result of a detailed examina- relatively short examination
tion by flight surgeon and in- during a randomly chosen pe-
structor pilot whether all re- r'iod of time is typically low.
levant actions in cockpit can Consequently these problems
be performed well and safely, could even be dissimulated. In
Crowing relevance of somato- this context technical methods
sensory evoked potentials in of examination play a major
evaluating peripheral nervous role.
system is demonstrated in Dr.
Freund's lecture. In the near Encephalomyelltlu disseminata
future we hope to test the re- is one of the most frequent
levance of magnetic stimula- neurological diaseaaes. First
tiun for our issues. matifestations often affect

the optical system and are
Decisions concerning higher mostly revernible. For almost
functions ol central nervous two years therefore every ap-
system are based on subtly plicant for flying in our in-
differentiated psychological stitute is examined with vlsu-
examinations. The result5 of ally evoked potentials. The
standardized testin, methuda method Is well established and
demonstrate whether a person provides reliable results. The
"meeta the cognitive-intellec- average P-iOO-latency in our
tual and puychomotoric-coordi- laboratory Is 108 ms. Conpared
native requir'emnta for flying with the published data this
duties, whether concentration is relatively high, due to the
is possible for long periods, majority of young applicants
or whether multiple tasks and of the age group 18 to 20
high workload can be managed. year's in our population, as
[nased on these psychological latencies definitely stabilize
methods und on comparison with only at the age up to 25 yrs.
their re,,ults In initial tes-
ting It is possible to exa- If the individual result is a-
mine, whether a person e. g. bove 118 ma, which is 2.5

* after a severe head injury has standard deviations above the
achieved again the individual average, we assebs a person as
level of cognitive performan- unsuited for flying. This even
co, whether, despite of suc- with empty medical history and
cessful treatment of substance inconspicuos clinical examina-
abuse, deficits in higher tlion. Our few-case-experience
functions remain, or whether with additional magnetic reso-
deficits in dealing with work- naace imaging was unsatisfac-
load can be found after me- tory. Even if no Intracerebral .
nIngitis despite of normal be- lesion can be detected, the
havior in everyday life. detection of optical system1.

affection by VEP remains, and +
Mal functions of the cenltral the presence at an chronically .

nervous system which excludu inflammatory process cannot beaptness for flying are e. g. excluded. Up to now we exciu-
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ded about 0.8 • of the appli- Photic effects similar to
cants due to this constella- strobelight may result from
tion of isolated finding of passing short wave cloud for-
abnormallly prolonged VEPs. mations with high velocity as

they can be provoced by he]l-
For persons already In flying Copter rotors under special
duty the situation is ditfe- light conditions. Signs of la-
rent. In this group up to now bility under photic stimula-
visually evoked potentials are tion therefore have to lead to
examinded only if indicated by rejectioni concerning flying of
s uspect medical history or ab- helicopter or fighter jet.
normal findings in physical
examination. Findlng of abnor-
mal Vi's in these cases hove cEGs with relevant, i. e. mo-
te be followed by extended ex- derate to sever'e genteral aite-
amination including magnetic ration lead to exclu:sion from
resonance imaging, electrophy- ilying duty, but in our expe-
siological tests of other sub- rFivlce don't play anl Important
systems, and examination of role ill deciLioni m.akilng, as
cerebrofpinal fluid for ollyo- they miinly are caused by con-
clonial immmunuglobu ins etc.. dltioniu like severe 3ltera-

tions of metabolism, intoxica-
We are convinced of the spe- tions:, :evere infectious dils-
al importance of electroence- eases which exclude flying du
phaloyraphy (EEC) In . iiltary ty themselves. An only light
aviation. Among the fActors gVnral al terati on nee~ds to be
which can lower the bidlns cuntr-ollLd, ut til evidellce of
electrophysiological stability beeing a nen-patholuglo va'ia-
and the threshold for epilep- tion can be established. IL it
tic activity, there are lack iuund although -a nlormal pre-
of sleup, change of day-night- iEitG ex L;ts, a pathologicual
rhythms, exhaustion, imbalance p'rocessl has to be suspected.
of -. leotrolytts, hypuollycae- until the cont•trary hkss been
mia, hyperventilatlon, hyp- proven.
oxia. All these factors can
occur and have to be conside- The finding oi focal altera-
red under the special cuodi- tions of LEG causes lnldicationl
tions of military missions,. for image generating methods,
The lower a persons Individual especially it there has been
treshold for epileptic ai;tivI- found a normal BEC before or
ty is, the more important be- if there are focal clinical
come these factors. G-load e. siqgnsi a4 well. E. g. an Intra-
g. leads to periods of decrea- cranial tumor, malformati onl,
sed cerebral blood flow and brain haemorrhage, or stroke
cunsequent cerebral hypoxia, has to be suspected. Fleeting
thus facilitating epIleptic asymmetria exclus-,ively In the
activity. Lung-haul tlights occipital region and uonisis-
without adequate recreation ting only of alpha-reduction
times or conditionL during or -raretlcation on the other
missions in crisis or conflict hanid, we conside.r to be a
lead to alterations in day- harmless and/or physiological
night-rhythms, laink of sleep, variation without need of any
and exhaustion. These condl- cUol':-!qU(. uues.
tions elevate risk of epilep-
tic activitiy in anyones The electruencephalographic
brain. Signs of a lower thres-- finding of alteratiols typiLcal
hold for epileptic activity fur e•ilepnia leads to the de-
therefore have to exclude from clsion to exclude the persou
any duty in military flying. from flying, .. ven if there areh .... r
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no other corresponding infor- To demonutrate the c-onsequen-
mations, signs or findings at oes, EEG-examination in our
all. If it came to any severe institute has for applicants
reversible alterations In be- ior militairy flying, the fol-
haviour of that person or, lowing results are reported.
worst, to flight mishaps cau- Of 837 conseiutively examined
sed by this person, this would applicants In a time period of
be extremely problematic. It 17 months, who passed psycho-
hardly at all could be proven, logical testing prior to medl-
that the incident had not been (;al examination 66,b % (557)
caused by the abnormal OXG...ac- have been accepted for milita-
tivity. ry flying, 33,b % (280) have

been rejected. The rejections
The main ta-k of electroence- in 2U.6 % (130) of the cases
phalugraphy in aviation medl- were -.iused by neurological
cine in our opiluiA is to or, In a small minority, by
Identify persons with an Indi- psychiatric. findings, in 71,4
vidually higher electrophysiu- % (200) due to abnormal fln-
logical lability, which is a dings in the other medical
lower threshold for abnormal speuialties. II Neurologyy
activity of the brain. These Psychiatry 70 % (56) of the
persons under conditions of 80 rejections were caused by
military duty bear a higher alterations In II G, only 30 %
risk of developing epileptic (24) by other reasons. So the
phenomena, even If they stay risk to be rejected due to al-
asymptomatic under canditionu terations in the LEG was about
of everyday life. 6.7 % (56). On the other hand

93,3 % (781) of the examined
An important and not yet sol- applicants had a Inconspiciouos
Ved problem con:s Its of the ELU.G. Tihe EEG fiuding, leading
wide range betweent definite to rejection ini a minority of
normal and definite pathulugi- cases were focal alterations,
cal findinigs in EEG, resulting but mainly paroxysmal dys-
from the method itself and the rhythmia and change to mode-
variing correlation between rate to Severe gq:neral alter-
findings and relevant couse- atiOn after short period of
quences. It i! diflicult to hyperventilatiuo, or with re-
give statistic data. because tardvd normalization after hy-
the number of problematic fin- perventilatlon.
dings depends on the defini-
tion of abnormal, but unspe- These unspecific abnkormalities
ciftc and not yet pathological are widely differing in quali-
lindings. Estimated roughly, ty anid quantitly, but do not
the population examined InI our reach dimension of the patho-
Institute iq more than 90 k of logical findings mentioned a-
the cases have normal REEG-ac- bove. The possible relevance
tivity of alpha-typt? or vari- of the alterations in the
ants, which doezsn't show ab- field of aviation medicine may
normal alterationis evezn under be demonistrated by the follo--
provocation with hyperventila- wing came report. A 20-year-
tion during 4 minutes and pho- old applicant for flying had
tic stimulation with strobe- an empty medical history and a
light of varling frequencies. normal neurological physiual
Definitely pathological aite- examination. lie showed unspe-
rations are found in far below cifIc alterations in the form
1 %. Problematically with un-- uf paroxysmal dysrhythmla of
specific abnormalities are a*, higher amplitude in the spon-
bout 10 % of the i40o EEG* we taueous EEG. If e. g. a head-
examine every year. ache patient showed such al-
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terations, we wouldn't have ces in categories of aviation
been that much concerned, medicine.
while in similar cases we ne-
gated aptitude for flying. As On the other hand, dysrhythmic
this applicant was rated as alterations with amplitudes of
performing above average in 150% compared to inconspicious
psychological testing prior to sections of the EEG (4 p.),
medical examination, he was which occur after less than 2
given the chance to have his mintites of hyperventslation (4
EEG done again the following p.) and normalize only after
day. Then, without any clini- more than I min after end of
cal sign, his EEG showed mul- hypervepfilation (2 p.) exceed
tiple fleeting spike--wave-com- the limit of 10 points, as
plexes. they are judged as an unspeci-

fic risk in the sense of a lo-For these unspecific altera- wered threshold for epileptic
tions, which are not that im- activity.
portant for clinical neurolo-
gy, but are already Impo-tant This score is not thought to
for neurology in avlation me- "measure" alterations, but it
dicine, up to now we miss ac- is a device, which can help to
ceptable categories and gide- reduce subjectivity in the
lines for evaluation and de- process of decision making.
cision. In the absence of Although not established well,
other aids and rare Informa- we dared to present this sco-
tions in literature for long re, as we expect helpful cr1-
time we only decided based on ticism and suggestions.
clinical experience and global
Impression, which was unsatis-
factory. Consequently wo tried
to define these unspecific al-
teratlons in EEG better and to
develop an instrument, to make
our own decisions more objec-
tive and reliable. To create a
alteration scoce, we assigned
points to the defined criteria
in a way, a score of 10 and
more points would indicate un-
acceptable alteration. The
suggested criteria and the as-
signed points are compiled in
the demonstrated table.

Two examples may demonstr'ate,
how Lhis score is thought be
helpful. At first, the occu-
rance of moderate general al--
teration (4 points) only under
hyperventilation of more than
2 minute5 (I p.), which norma-
lizes within 1 minute after
hyperventilation (I p.) with a
normal EEG in other sections
leads to a score of only 6
points, as this alteration is
thought to be a still normal
reaction to hyperventilation,
which doesn't have consequen-
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Abnormality/Dysrhythmia in spontaneous EEG with share of

<1%: 2 <5%: 4 <10%: 6 10-50%: 8 >50 %: 10

Abnormallty/Dysrhythmia under hyperventilation (HV) of

>2 min: i <2 min: 4 (1 min: 6

with a share of ( 2%: 1 < 5%: 2 > 5%: 4

Aijnormality/Dysrhythmia under photic stimulation (FS): 4

with a share of ( 21.: I < 5%: 2 > 5%: 4

Normalization under continueO HV: 0 < 1 min after HV: 1
< 2 min after HV: 2 > 2 min after HV: 4

under continued FS: 0 <1 sec after end of FS: 2
< 2 sec after end of FS: 4 )2 sec after end ei PS: 6

Dysrhythmia / Unregularities (graphic elements, with

Amplitude ) 33 % of max. amplitude of neighbouring : 4
unconsplcour sectioni of EEG, or with

Frequency > I Hz: I > 2 lHz: 4
differing from normal sections of EEG

not paroxysmal, from neighbouring activity not
differentiated well, or starting out of already
unregular activity, changing gradually: I
paroxysmal, differentiated sharply from precediing
or following activly, abruptly, sharp 4

General alteration light: 2 moderate: 4 severe: 6

Focal alteration inconstant: 2 constant: 4
exclusively occipital: 2 otner localisatlun: 4

amplitude reduction: 2 alpha-rarefication: 4
theta: 6 delta/beta: 8

Activity specific for epilepsy I0

We also see a lot of other far- as we know, is the corre-
work to be done with EEG, lation of behavior of Intra-
since we are convinced, that cranial blood flow under g-

the mentioned unspecific sub- load and EEG-alterations. We
clinical alterations in EEG- plan, as a first step, to exa-
activity are of high interest mine intracranial blood flow
in aviatiun medicine. Not yet under g-load in the centrifuge
demonstrated definitely, as with a helmet mounted trans-

"4 A
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cranial doppler device. Addi- lation between alterations of
tionaily we plan to measure EEG depending on decrease in
hyperventilation provocating cerebral blood flow induced by
EEG-alterations by capnoMetria g-load on one side and indoccd
in blood and/or respiratcry ny hyperventilation on the
system or, mvch more conve- other. Shoold this be proven
nient, by the efiect on cere- successfully, EFZ under hyper-
bral blood flow demonstrated ventilation would be a simple
by transcran[al Doppler-sono- but adequate method to predict
graphy. Finally we intend to alterations of EEG-activity
demonstrate a suspected corre- under g-load.

LrL



THE E.E.G. IN THE EVALUATION OF APPLICANTS TO AIRCRFW MEMBERS

NIINO PEDRO RBROMARMD, FS
PORTUGUIiSht AIR FORCE AEROMEtMCAt. (TiNTER. CMA

AZINI-AUA TORRE DO FATO, PACO DO LUMIAR
1600 LISBON, PORTUGAL

1. INTIRODUCT iION hipobaric chamber crcwmnernbers Age%
were between 17 and 30 ycais. The total

The E.E.C. has been used, since its ot'records was 3305 .The analysis of tile
beginning, as at tool in selection ol' airerew records was visual.
personnel. Knowing that. evcn in epileptic The E.E.Us. were perfoirrned in
p~atients, thle LE.E. in a great miajorit *Y of two different machines: untill 1989 was
cases doesn't show abnormialities, the used I Nihon-Kohiden with 8 channels,
problem is raised onl the mecaning of such and since 1990 a Nihon Kohiden model
method in the selection of aircrew EEG-52 I OF, with 10 channels.
cavididates. For thle Purpose of' this work we

In thle otIher hand we must agree in consideried only as abnortrals the records
thle definition of' a 'normal" F.l>G.. and presenting spikes. spike and wsave
what aie the meanings of certain COMPlexes and focal slo,.v activity, as we
abnormalities in an individual that says used nowadays.
that he/she is healthy and denies in his/her Thle Portuguese Air Force
elioje,.al history, epilepsy, febr ile standards, under the paragraph 03. is
convulsions. headaches and head tiaurnas. considered unfit the I LE.G. with

Accurdlino to Niederineycr and permanent alt ~.ations, whatevei this can
LopeF da Silsa (1), thle usefulness of the inean (?), Oil! that gives a very wide
FEil.G. in aircrew selection is that wve'll margin lo the interpreter.
have_ a record to comnpare in ease of need Some problems were raised since
of replition of'. F .G. the beginning of this work:

In the Portuguese Air Force the (1) the diflrent doctors who
selection is sciriated, being .he performed the reports - two between 1972
neuiological obsziratiori one of' thle last and 1978, one I!nto 1979 to 1987 (two in
onec's, and only one small p~art of' all 198~o) and two (one of them myself) since
applicant:. Submitted to it. The evaluation 1988 until HOnW,
consists onl a clinical history, in which the (2) time of thle Year, usually the
denial of all pathology is the rule (they are majority of' applicants is present at the
all voluntary). neurological examination Aeroisiedical Center in July and August.
,and] an E E.G. 30 minutes duration, in the which are v'ery hot months in Portugal,
10-20 s 'ystemn (since 1990), with two andi with lack of sleep, both causes
hyperventilations and one phiotic conducting to somnolence with thle
stimulation. Until 198')the mo1ntages used resulting patterns in the LE G.
are shown in Fig I In Fig 2 are the (3) last but not least, they are very
muootageS uIsed a-oe I 990 youiig, with records sometimes rvainI

some immaturity, and so, with some
2. MIETHIODO LOGY problems in interlpretatioa..

Tlo analise the record we divided
We had access ito L. I-.(Gi.eports themn in two groups: those presenting

since 1972 to 1993. performed to the spikes, spike-wave complexes and those
f'ollowing applicants, pilots (Air F-orce with focal slowt activity, the majority of
Academy, Navy. Angola, Mozambique, wich was in thev temporal legions. either
(iabo Vurde and Sudlainj, navigators. lefi or- Iight.
HALO and HAIAHO partstroopers antI During the first period (1972-

1978) were considered also as abnormals,

Presented at aSwnposiuin or 'The Clinical Bjasis for Aerotriedical Decision Making'. April 1994. .-
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the LEl~s that showed generalized slows Othet studies show that thle
activ'ity, sharp) and/or slow waves, these percentage of candidates with abnormal
ones presenting sometimes in paroxysIm1S, 1, Us is ver -y low and similar to ours,
simmeitrical oi assinimct rical dur ing rest or since. 1979) (Tfable 2).
hyperventilation. The actual standards seemi to be

reasonable, because I hose ailerations
3. R ES (tILTS considered as abitormtals, are thw most

c01m1mo01 seen inl thle people with
What we canl notice inl first place is p~athiology. At thec same time, we are

the variation, inl total numbers, of' thle aware that those with normal LETGs call
HL'Cs considered abnormal, in the years develop seizures at any time, but this is a
19721 trough 1978 with p)ercentages, that risk that we have to take.
varied between 17,4% ( 1972) and 33,3%
( 1977), comtpated with the years until 5. CONCLUSION
1Q93 1.1% (1Q89) and 11,7% (1980) ' in
the year of' 1980 the LEGs were reported The reason f'or untitness Im
b~y tw di flerent neurologists, one of' I hem centnbr anyli~s sIiii cy
not trained inl aircrew selection. Lven if' a "normial" LEG has no

A natlysing thIiis dat a withI our act cal clinical signi licanice in ruhilng out epileptic
statidards the number of' abnormnal LEEGs or other ('entral Nervous System
would decrease to mote or less one halt' pathology, thle initial record stay-, as a
This is shown in 'fable 1, wiltee we canl standard for further needs.
see also thle absence of' any significative Inl thle Portuguese Air loilce
difference at1Pr 1979 Acroniedical Center-, anl FEG is perf'ormed

Since 1 972, amid considering all it' tIle erewlmemnber sutlers any loss of'
this dillbrent criteria, only one pilot was- consuiousness (except G-LOC) and aller
observed with seizures (his LEF as head tr'auma, in this cast, sinmultancously
applicant was Completely normal). T]his with necuro-psychoulogical evaluationl, sk-ull
pilot was. aller thle examination, X-rays and ,ifineeded, a (1 Scan
considered definitively unfit fior living IThe econonncal lproblelfl raised by
duties. somle' authors, in our case is despicable,

In 1993 a candidate was due to tile small numtber of' records
disýqv lifled because Itis LEG showed perlornied each yeCar-.
anteti beta activity;, there was no other
abnor-mal or dm-owsiness related activity. It
was suspected thle possible ingestion of'
drugs; lie was considered unfit only afler
psichiatric evaluation.

We don't know, if' any of* the
candidates, consider-ed as unimlt onl EE6,s
basis, bad suiffered, at any timie an
epileptic seizure. It canl be alt interesting
work, in a hliture.

4. DISCUSSION

We think that differences in the
rate of' elimination are onily due to thle
different criteria used by the
electroerncephalOgr-aphers
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Clinical Basis for Aeromedical Decision-MakJng: The EEG Example.

-. L.Firth
Consul tant Neurosurgeon,

Department of Neurosurgery,
University Hospital,

Queen's Medical Centre,
Nottingham NG7 2Ul{, UK.SUMMARY

The EEG, uluctraencuphalogram is Justification,,,,or present E•EG
used am a test in aircrew ael- programmas2,O ,1

ection. Given that the natural
history of the seizsre disorders To be eiiectiv', screening re-
has been described,30 the valid- quires a major, defined target
ity of this practice is quest-- health problem the natural his-
ioned and potentially more tory of which is defined and
rewarding applications of the understood. It has to be detect-
EEG suggested. able in the latent or early sym-

ptomatic phase. An oxamination
or test of proven performance in

System reliability is a major I3ayesian terms of sensitivity
component of aircraft system and specificity has to be avail-
performance. In military avia- able, applicable within pract-
tion both are central nervous ical and economic constraints
system dependent. In aircrew as- and acceptable to the targat
sessment and management the EEG, population. Treatment, who to
electroencephalogram has trad- treat and treatment idcilities
itionally played a major rule 4 0 , have to be agreed 86 .
48,61,78, Advances in tech-
nology, data retrieval, storage, Aircrew seizure is a problem4 5 ,
presentation, processing, inter- 62. The prevalence of apilepsy
pretation and assessment inake in the population from which
this an appropriate time to re- they are drawn is undoubted.
view the place of the EEG in Excluding febrile convulsions
aeromedical decision-making and under 5 years of age 2.3% have
research. had one seizure 2 7, 0.65% more

than two3 1 . However the risk of
Present system reliability tar- initial seizure in those aged
gets are of the order of a sig- 20-60 years [including many with
nificant failure in 1:10-7 hours neurological conditions that
in commercial aviationz, 1:10-6 would preclude flying] is 10:
hours in the military and in 1,000 or 1% over 40 years 3 0 , 3 2 .
practice of 1:10-5 hours in That is 0.025% per year, 2.85:
general/private aviation1 2 . With 10-o hours. This can be compared
these targets why have EEGs been with the male heart attack rate
performed? As a form of epilepsy aged 23-34 years, of 5.1:10-6
screening 2 ,3; in an attempt to hours [rising to 3l.2:10-U hours
predict flying aptitude 39,44,46, between 35-44 years; 77.6:10-8

0 and as a baseline for future hours between 45-54 years and
reference 2 9 , 71,77. The effort 156.4:10-B hours between 55-64
expended and the costs incurred years of age] 8 1 . Actual exper-
to provide the few records re- fence in aircrew candidates who
quired for useful later compari- have yet to have a first seizure
son has been considerablel8,19, are of risk rates below the
66. Any correlation between in- 2.85; 10-8 hours level 1 9 , 2 1' 2 9 ,
itial EEG and subsequent apti- 47,62,63,64,67, well within 10-6
tude has not been pursued, leav- military and 10-7 hours civilian
ing seizure screening as the risk targets, suggesting that a

t a:•."nr,'e d at a S)'nposiuiJ n r 'Th e' Clinical Bsi.is for Ac'ronndical lDecisionJ Making , April 1994. 4.'. .
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careful neurological history What of "abnormal" EEG appear-
alone, taken during the initial ances in clinically normal sub- I
medical assessment, would pro- jects?10l,14, 2 0 , 4 1 ,49, 68,78 ThU
vide screening at an order of literature indicates these to bemagnitude better than present present in 0.5-35% of the non-risk target levels require. Upileytlc, "normal" ton3,

4,9,1 24,26,29,33,4P,,?6,5d9t60, '
The second screening requirement 67,79,88. The risk of subsequent
is an understand:ing of the epilepsy in non-epileptic sub-
natural history of the target jectu who display epileptiform
condition. For epilepsy this is EEGs is reported to be between
encapsulated in the ffauser- 1.t - t.0%29,33,67,80. The pro-
Annegers diagram [fig.] 3 0 . Once gnostic value of the classical
past puberty and into adult life spike/wave pattern in asymptom-
the initial spontaneous seizure atic individuals has been quest-
rate is low21, well within pres- ioned and a later epilepsy risk
ent risk targets. The key is the little different from that of
exclusion of prior convulsion, the general population sug-
of a family history of epilepsy gested67,68. The definition of
in a close relative, of a sign- what constitutes an "(pilepti-
ificant head injury, or other form" EEG and which EEG abnorm-
past cerebral insult54 . alities are prognostically Fig-

Epilepsy
Hauser-Annegers Diagram 30
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Incidence

BA0
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0.025" .*0.5
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n1ficant for subsequent seizure alisud spike/spike & wave dia-
remain matters of debate 1 ,55, 5 8 , charge which paradoxically is
68,69,88. Meanwhile some 50% of maximal frontally. Its frequency
clinical epileptics have init- is independent of the flash ire-
hilly normal interictal EEGs, quency used [10-20Hz being the
serial EEGs being necessary to most likely to elicit it] Lind
reduce this "false normal" pop- the response continues after the
ulation to the 8% luvel 1 , 6 9 . photic stimulation has been dis--

continued7, 8.
EEG abnormalities nut associated
with epilepsy, where "epilepsy" EEG photic responses arn cozmmon
is defined as the occurrence of in normal subjects6,8 2 . EEG
and propensity Ltr subsequent photosensitivity does not mean
spontaneous seizure, include: 6/ epilepsyl 5 ' 16,57,87. Photoinduc-
sec spike and wave; 6 & 14/sec ed paroxysmal ieaponses are obs-
+va1 4 and small spikes; SREDA erved in the EEGs of <4% ut
[sub-clinical rhythmic dis- normal subwets, <15% beinre
charges in adults] 4l and BETS puberty 4 2 ,'35. Photoinductiun may

[banign epileptitorm transiunts be achieved betwueen 5-20hz, but
in adultsU among the mid- is maximum at 1211z 3 6. The photo-
temporal rhythmnic discharges; sensitive eftect is best aborted
and slow wave responses to over- by closing one eye. Closing both
breathing6 8 . may precipitate seizure 3 6.

EEG patterns which ai-e associ-
ated with epilepsy are <3/sec lit established epilepsy photo-
spike & wave; focal spikes and genic stimuli are the commione.t
polyspiken; rhythmi•ic focdl slow senroy L ,.i Zl(! precipitantsI,
waves. Thu latter are oftLm 13,22, 28,B0,65,83 But phutupre-
associated with already sympLto- cipitatud seizures usually piu-
atic Intracranial epace occu- sent in childhood or adoles-
pation. cence 3 8,87. Later onset phiato-

sensitive epilep.sy, with iirst
In this uncertainty, of the many seizuri- ovjer 20 yeats ot age, is
potential epileptic procipi- raze 7' 38', 87.
taents, sleep deprivation might
have been the most appropriate Pure photo--evoked epilopsy 6 is a
in the military situation to clinical reality, despite aced-
induce seizure or elicit seizure emic xcservatiuns 3 ¾. It is chlar-
markers 1 7 , 4 3 ,8 5 . In practice re- acterised by the EEG photocon-
course has been to intermittent vulsive response 8 . Though
photic stimulation8 ,22,25,37,51, usually abnormal, the EEG may be
83 to evoke photo-convulsive, normal, the photoconvulsive res-
"flicker-induced", "helicopter" ponse appearing "out of the
epilepsy5 , 23,35. The trawl of blue". A singlee EEG cannot be
epileptiform recordings may be relied upon to detect the photo-
tripled by such aggrevation 2 9 . convulsive trait. Thresholds
But of common EEG photic respon- vary both for the EEG response
ses, the Following Response, the and for the clinical photogenic
l'hoto-myoclonic Response and seizure, from person to person
occipital spikes are not as-- and ':ron time to time in any one
sociated with epllepsy, _photo- ind i vidual 3 4 , 3 5 . Age, Past and
induced or otherwise 6 ,1 516, 68. Faro, y History are again the

keys to detection and are the
Only the Photo--convulsive Res- foundations of effective aircrew
ponse, if demonstrated, is sig- screening and selection.
nificant. Its threshold varies
in and between individuals and What of the EEG in caviation med-
it Is compatible with an other- ical practice? Becauss an ab-
wise normal EEG. It is a gener- normal EEG has meant de-
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selection and most rejected can- 3. Bennett DR: Control electro-
didatea have not been tollowed encephalographic study in flying
up, the sensitivity and sperci- personnel. Int Psychiat Clin 4:
ficity of the EEG in the screen- 23-3b, 1967.
ing setting has yet to be 4. Bennett G: Medical-cause
established. In terms of risk accidents in commercial avia-
assessment for seizure Age, Past tion. Eur Heart J; 13 [Suppl 11):
and Family History remain the 13-15, 1992.
significant criteria. Birth 5. Berry CA, Eastwood HI(: Hel-
insult and congunital factors copter problems: noise, cockpit
lead to seizures in the first contamination and disorient-
year. Febrile convulsions occur ation. Aerospace Mod 31:179--190,
up to five. The "genetic" upi- 1960.
lopaies present by 20. But, as 6. Bickford RG: 017 and clinical
it difficulty in evoking the response to light nitimulation in
photo-ccnvulsive response were normal subjects. Eluctro-
not enough, the sting in the encaphalogr Clin Neurophysiol 1:
tail for the EhG aircrew 12b, 1949.
screener is that during the 40 7, Bickford RG, Daly D, Keith
"flying years", aged 20-60, when HM: Convulsive effects of light-
<1:100 will sutier a first seiz- stimulation in children. Ami J
ure, it will be in response to Diu Child 8b:170-183, 1953.
alc.ohol and huad injury, infect- 8. Uickiurd RG, Sew-Jacobsen CW,
ion and tuMouL, for which no EEG White P, Daly D: Symposium:
risk markers may be present at photo-iwetrdzol activation ol
the tilde of initial aesUsessment. EE G; sUme obseXvat ions on

muchanisnl of photic and p)hoto-
imietrazol activation. Electr~o-

What past reliance on the EEG asi encephalog aud Clin Neuruphysiol
a test, rather than its use as a 4:275-282, 1952
valuable tool in the clinicail 9. Bianc C, LaFontainu L,
situation, has achieved is to LdPlane H: Me'.11uin arnd value oi
divert attention trom clinical electrouncephalography in aero-
reality and the EEG's oth(el. nautical mediciLne. Aerospace Med
potential applications 7 2 " 6 . The 3':249-256, 1964.
new EEG technologies now deserve 10. Caputo L, Boicetf T, Virgili
review of their utilization and H: Electro-encephalo•graphic con-
organization lest the consider- siduratJons on a group of pilots
able budgets already expended on with extensive expurienccu.
re-equipment be wasted on expen- Minerva Mad 56(90):3846-3848, 10
sive reduplication of simple, Nov 1965.
cheap, practical and effective 11. Cavazutti GB, Cappella L,
clinical methods. Nalin A: Longitudinal study of

epileptiform EEG patterns in
normal children. Epilepsia 21:57
-62, 1980.
12. Chaplin JC: In perspective-
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SPINE INJURIES. UP TO DATE EVALUATION IN AIRCRAFT EJECTIONS.

Maj. Francisco Rios, Capt. Jose A. Azofra, Maj. Patrick P. Miles,
Capt. Carlos Velasco, Capt. Juan Sieiro and Capt. Alfredo Cupvas.

C.I.M.A. Arturo Soria 82. 28027 Madrid. SPAIN.

INTRODUCTION suffered egress-related spinal
injury in order to determine

Spinal injury during aircraft whether it will be sate for the
egress has been a well known flyer to return to such an
phenomenon since the early days environment (3,4).
of flying, though at that time This challenge is made even
usually secondary to ground more pressing by the fact that
impact . However, the pilot. who eject die Lttell
development of High Performance well-trained, experienced
Aircraft (HPA) has forced the flyers whose potential lost
consequent development of high services, eiLhei dUL to
performance ej ection permanent disqualitication from
mechanisms. These modern ilying duties or due to
ejection systems have further, additional ppli•al
functioned superbly with the injury, represent a significant
latest generation mechanism potential loss of valuable
allowing 91.1% survivability hi hao L ebou, cub W NAT:) Ai£
when egress takes place above Forces, already tacinq' the losL;
500 ft from ground level and of key personnel and reŽources
79.2% pilot survival rate when due t,-- today's .(-,Iiomit
egress is undertaken at flying pressures.
level less than 500 ft. These factors madk. I it
However, while the overall imperative that all . u the
sucess rate of 88% has resulted modern medical m.ans at hand be
in many more pilots survivinq utilized in the analysi-: of
an egress experiencit, 21% of post-tiJection spinal inij•ri•.
these flyers have been shown to
suffer some degree ot Anatomically a widc va-it.ty .'t
significant spinal injury vertebral txactu-es and
(vertebral compression- fracture cl'ssitications have
fracture) during egress, been described. Prognosis may
potentially theatuning their he assess,-d accurdinz to
ability to return to the stability criteria and
cockpit (1,2). aerom-d-cal v - i-vp1-*1-
Modern HPA, with their ability (5,6,7,1,1).
to inflict inmediate and 7n the pa.s tht. vert hrAIa
sustained high i-Gz forces to coiunmn has been relativcly
the cockpit environment iiaccessible to clinical
challenge the tlight surgeon evaluation. Today, howev.,r,
now as never before to modern radiologic techniques
carefully and successly can provide thv diagnostic
evaluate the pilot who has tools that enable an arcurate
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assesment of the vertebral and greater than 25 degrees.
paravertebral spine and thus All current regulations concern
help predict the possible the evaluation and the
pathological impact of future measurements of a variety of
exposure to tGz. Although signs and symptoms, usually
plain X-rays, the traditional related to compression
method of st ',ing spinal fractures and to history of
natomy, still supply very disabling episodes of back pain

valuable information, more associated with significant
advanced techniques should have objective findings.
a definite role in the A review of 8 NATO coun:
diagnosis and prognosis of the aeromedical standards for , e
injuries caused by ejection. and musculoskeletal diseases ox
Magnetic Resonance (MR), with injuries revealed references to
its excellence anatomic healing, symptoms, neurological
contrast r'solution, providef' disturbances, disc involvement
the radioiogist the premier and functional integrity of the
tool for assessing the spinal spine.
and paraspinal structures most These factors, especially the
vulnerable to injury by higher last two, cannot be properly
than normal G-forces in a evaluated by utilizing solely
injured pilot who is being conventional radiological
evalj,,ted to return to th_ studies. In conventional
cockpit (10,11,12). radiography, it is often
It is essential that the difficult to rule out many
aeromedical '2ommunity work boney and soft tissue lesions
closely with radiologists, as the etiology of vague
cm iloyinq tz- intest diagnostic clinical findings. Even more
method': ý.n dLa in order to importantly, it is difficult
best evti, w:e spinal injuries to adequately assess the
and thus .tectly predict the significance of a positive
extent c_ jury so that flying radiologic finding that has no
duties can be resumed, either current clinical correlation
in the former aircraft or in with physical exam. MR however,
anothe•r flying class ,9,13,14). is much better in reveling

anatoinic relationships of
various bone and soft tissue

A i , oiICAu&, ISPOSITION les.ions and thi i can best
discern those with clinical and

Medical 'Lot-%vds (or flying progno3tic significance from
duties 1cIlude a general abnormalities that might appear
app•.'-,;v to the pr, tentia] on regular X rays but, in fact,
-omplicataous and di.:a2,ilities are of no con. -quence (11).
th'it ate oftc.* direct
coinm quence of ejec-'±on, irost
of these being verý,:bral DISCUSSION
fractules ok dislocalciu;2.
The SAF standards all w for The thoraco-lumbar spine and
class I a maximum o' 10% the segments between TIO and L2
limitation of caige of motion are the most comwrn, ly affected
accordinq to The dc~re of region as a consequence of
rotation, fluxion and extension aircraft egress (1,5j.
or vertebre I fracture with In relation to Lhe type of
angle of :ompression not fracture orioinated at thoraco-
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luiabar level and from a accelera t ion and hyperflexion
biomechanical point of view, of the pilot.
these lesions may be classified The worst prognosis of these
in 7 different categories: 1) fractures are those that
Compressive flexion, 2) involve the middle and
Distractive flexion, 3) Lateral posterior Denis' columns which
rlexion, 4) Translational , 5) ussually result in acute or
Torsional flexion 6) Vertical chronic progression to some
compression and 7) Distractive degree of spinal deformity,
Extensica (6). Denis has the often with chronic pain or
concept of the three column neurological involvement.
spine. The posterior column or From a practical point of view
posterior ligamentous complex; one rr:y consider three types or
the middle column, including categories of vertebral injury
the posteiicr longituaiinrd with progresively worsening
ligament, posterior annulus prognosis.
fibrosus and posterior wall of Type I: Fracture of anterior
the vertebral body; and the wedge only.
anterior column, consisting of Type I1: Anterior and middle
the anterior vertebral body, column involvement.
anterior annulus fibrosu6, and Type III: All columns affected.
anterior longitudinal ligament. Type I fractures very rarely
Major spinal injuries are present neurological
classified into four different involvement unless multiple
categories, all definable in vertebral fractures occur.
terms of the degree of Fortunately this is the most
involvement of each of the common vertebral injury. The
three columns. Each type is prognosis of type I lesions
also defined in terms of its without neurological impairment
particular stability (7). is very favourable, as it has
The "compression fracture" is been estimated that :s% of
basically stress failure of the pilots return to flyin lJuties
anterior column with intact (9) after a iollow-up per od of
middle column. The "burst between 3 and 6 months.
fracture" indicates failure Type II and type II are more
under compression of both the likely to orogress to
anterior and middle columnu. instability, rapid onset
The "seat belt type" sr vertebral deformity arid
fracture is the rerult concomitant neurological
tailure of the posterior .nid involvement (8) .
middle columns under tension in the past the differentiation
with intact anterior hinge. In of these three types of lesions
"fra't.ure dislocations" the has been supported primarily by
structures of all three co2',mnz conventional raaiological exam.
tail trom forces acting t- However the presence of lesions
various degrees from one or at the posterior medulary canal
another direction, and the presence of post-
The most frequent compression traumrtic myelopathy and
fracture injury is the extramedullary cord compromise
compressive tlexion or anterior as a result of mass eft--t such
wedge compression. This is due as that caused by , -splaced
to the combined effect of bo.iy fragments, fluid
compression secondary to the collections (including epidural
torque force and longitudinal and subdural hematomas) and
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penetrating objects, were often The radiologic approach in
missed by simple radiology diagnosing traumatic discal
(10). These additional lesion or epidural hematoma
complications would be evident should include CT myelography
on MR. Table I shows or MR, especially in the case
classification of diagnostic of potential neurological
approach according to injury, traumatic disc
reliability of each exam in hernia'ion or ligament
various injury locations, involvement.
In addition, MR gives us MR imaging and bone scan with
information regarding a wide TC99 are useful in ruling out
spectrum of cord changes, from vertebral injury in individuals
concussion to complete cord with symptoms, but with
transection. The spinal cord negative or inconclusive
reacts to trauma quickly and conventional radiologic results
dynamically with hemorrhage, (9,14).
enzymatic cord destruction, and
superimposed vascular insult. Due to the lack of routine,
Increasing cord compression serial MR studies applied to
results in a progression of the flying community there is
injury through three basic very little experience in the
types if lesions: type A - assessment of the pilot
predominant gray matter subjected to acceleration
cavitation, type B - white forces along his flying career
matter large fiber destruction utilizing this imaging
predominates, and type C - technique. Thus it is unclear
severe, Lmbined gray and white whether or not MR could be a
matter lesion in a connective good predictor of the potential
tissue scar. A major advantage spine impairement due to
of MR is its ability to show repetitive high u exposure.
the cord itself and its Cleary, the opportunity for
relationship to sourrounding further study is available in
structures. Cord edema and this particular field. A
hemorrhage frequently occur prospe•ctive protocol has been
after spinal trauma, with cord stablished since January 1994
edema begining within minutes in the SAF in order to evaluate
of injury and lasting for as the real value of the MR in
long as 20 days. MR is the precocious detection of spine
diagnostic method of choice, lesions in pilots who are
having been shown to have a exposed to a high G
high sensitivity for detecting environment.
cdc a and hemorrhage with the
ability to differentiate the
two (13). MR is superior to CT CONCLUSIONS
in the visualization of the
sninal cord arid the deterticn 2. The clinical assesment of
oL coiu injury (10,11,12). the pilot who suffers an

aircraft ejection must include
Pilots who have sustained a complete neuroloqical exam
spinal coed injury may later and conventional radiological
undergo clinical deteriorauir'n studies, but is not complete
or neurologic function without MRI in order to rule
secondary to post-traumatic out medulary involvement and
progressive myelopathy . assist in assessment ot
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prognosis of the injury, assc -iated with aircrew
elec ion and crash. AGARD.

2. MR and Bone Scan should be Advisýory Report Num 194.
performed in all symptomatic Neuilly sur Seine. AGARD-NATO.
patients with inuonclusive
traditional radiological exam. 6. Ferguson R L, and Allen B L.

A mechanism classification of
3. The lack of current data thoracolumbar spine fractures.
available regarding MRI in Clin Orthop. 1984, 189: 77-88.
pilots should result in the
undertaking of prospective 7. Denis F. Spinal instability
studies in order to develop as defined by three column
experience in utilizing this spine concept in acute spinal
technique, both to better trauma. Clin Orthop. 1984, 189:
assess postejection injuries o5-76.
and to potentially predict the
development of future injury 8. Knee J 5. Radiographic
secondary to chronic exposure evaluation of thoracolumbar
to the high G environment, fractures. Clinical Orthopedics

and related research. 1984,
189: 58-64.
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INJURY LOCATION DIAt.uOSTIC EVALUATION

Medular 1. MR

Intradural 1. MR
2. Myelography with CT

Extradural 1. MR
2. Mielography with CT

Bone structures MR and Simple radiology

Table 1. Radiologic examination of choice in evaluating various
vertebral injuries.

-----------------------------------
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Clinical Practice, Diagnosis naad T'herapy or Intervertebral Disk Lesion
Inuportauce to Fitness for Military Flying Duties

Major T". Pippig, MC
Medical Doctor for Orthopedics sand Chirotierapy

Read of Specialized Group OGrhopedics at the German Air Force Institute of Aviation Medicine
P.O. Box 1264/KFL

D-82242 Fuerstenfeldbruck, GE

The spine is the central organ of our lecceotor The intervertebral disk consists of connencting
system. According to BrOClIthR(I957) it perforns tissue ceriposed nainly of anlulus f ibrosus, the
four main functions such as: fibrous tissue, aud of nucleus pllpiiOiUS which is
- protecting central nervous system, it enr7oches 7Sthe basic tu:'stance. Anulus I ibrosus is finmly
- providing support and stability to the trunk, linked to the adjoining corus vertebrae's basic
- facilitating notion, ajnd covering plates. I iganenltun loegitudinale
- taking, absorbing, arid distributing loads anterius et posterius vtreeqtlrvn tile boundary
within the body as a kind of elastic sprinq, layers of tine inter' tebral disk.

The functional unity of the spine is provided b'y The nust irportant conponients of the
tile so-called interverLebral noetr seqonelt, intervertebral disk are: ,iLer content, collagen,
according to JUIIGIIANS. It applies to the notion (type I ii anulus fibrosus, plpe II in nucleus
spaces between two vertebrae. fhe segnent is nude pulposus), basic substance piroteoqlycanes,
up by the intervertebral diskldiscus nucopoiisacaride:s) and cell; of connecting tissue
intervertebralis), the I iganetnaLn ertJgitudirtale (about 20i of tile total volurici.
anterius et posterius, thF interveriebraJ )ointe,
the liga•ueta [lava and the spine clnanel'.;s space According to liUSCIlEL (19301 dlid rYnte;yCOI~f, E
parts situated on the level of the segments, (1932), water percenrtage ol the nucleus pulposus
ioreover, kite spaces betweeln tile adjacent of the nature fetus is 881, as referred to am 18-
transverse processes arnd the spines of a vertebra year old person it is 80W, as; fo r 77 year-old
(Canalins spinalis, recesses latoralis), as well perser it is appro.7•u,. The decrease of water
as l iqanenta interspinalia and Su)raspillalia. 1le celteint also reduces the tut(jor of tbe
notion setinents put up with static as sell as intervertebral disk aid thu:; the elasticity, the
with dynanic loads, reuulting ditferences 1 Itreosure provoke a

del.erioration of eotabolisrn und a nodified
1. IPhysiolo(.y and Patholoqy of the letererte•tibd composition of the liquid in bew.een the
Disk (Ill) intervertebral disks, Thus thie mechanical aid

dyanariic load capascity of thy iltLervertebn al disk
The largest lidividual cunponent of the notion will also be reduced,
seqgent is the intervertebral disk. It deternine:; Accordinq to IIAS'LEIE (1969) tile iLltervertebral
the confiquration of the interverteblal space at disk is neon ished by vasculr ization essentially
rest, ulnder lead conditions and shen in notion. taking place at birth but ihich is disappearinq
Iry its specific elasticity depending upon its; durinq the the first eoriths of life. According to
w'ater :conttent, the nucleus gelatileusus exer'ihts KRlh'i~llks theory (198(o, the i niervertebral disk
lIresiure in all directions, nanely upon the is nouutiliud eftrsti( is bi cdi o obnosie adrd
ad ja•ent vertebrae as well as oa the surroundinq diffusion depending epol ir•r,:;sune bet'deell tile
libraus ring. disks. Accoiding to itChIl.HS]iil 19741 the pressure
nltder load corditions, the irrter,,ertebral Ois;; iinte'n:sity is esseirtially lin iluerced by t dividual

acts as a buflec, absorbing tire lfrces wlich are posture (chanie bet;een oen-loaid and oil-load of
afiecLinq it ii, axial sense, arid cutbs the the spir•)n; innlue oi liquid into tie disk tissue
beidi ng,wiitldineg , ad shearineq for'es. Scartit iil can only he trued up to a 7A kit iltordiscal
oi all the eoticens occurriliq in ti, dtill feoolr, pro:irr e.
segnents nke nip f ire overafl nobility of the Thus, ahing of tire inteisritebnil disk is closely
spiue. linked to its lo,;: ol liquid, Accordinq to Snith,
V, eioite dia.rnsisi of cet' iaid or luilbar prci ips;e there are note •odifii'ii ci: : in the tlhird decade
-if the It is of deci;sie i.3poiontarree to lie al a lilt-tieu, there i:, a I ibous rodification o1
ability for nilit-rq fly inig duties, inl the disk tirn;ue tabiat il' r cich however
S ol~irr�ie,. not mean the 1I: of elioti, it: . Ii the fourth

.. • I'r ,.r,',nncd or a .Vi'rpano~iirn ,rr lire" r "hmri,'r hasis, fr Arta,rmeri,-a a II', i.$fer Mc •[fee , ApIl II 't99,
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decade there is a fibrous nodification combined we attribute special importance to the high
with the loss of elasticity, and in the fifties acceleration forces (g-forces) on the cervical
there is a formation of fibrous connecting tissue spine and to the vibration strains exercised upon
clusters and first signs of rivgesecation are the whole body of helicopter pilots who renain in
becoming evident, unadequete and forced unnatural postures.
Fach degeneration of interceitebral disk tissue As the above-nentioned load limits apply to a
is resulting ill changing bionechandial qualities soutdi intervertebral disk, the load tolerance of
and thus in IZISTAPALiTY. Along with d1egeneration an afflcctcd disk (prolapse) is coneiderably
of the intervertebral disks, the adjacent reduced.
vertebrae plates are danaqed irreversibly and the
bioeccfrnaical balance of the "lini: chain: 3. Clinical practice and Diagnosis of
vertebral coluinb is severely disturbed, Intervertebral Disk Lesion
particularly the associated pair of vertebral
arch joints. Accordinyg to BhiOGUtR(1960), intervertebral disk

prolapse occurs in the lollo4iig segnenrts of the
2. Load Tulerdace of the InterverLebral Disk spine:

- lunbar: I/5 arid 1.b/Sl : 3904
Sound intervertebral disks support much higher L/i : 31:0
nechanical loads than thu adjoining veottbrac. L"/I : W
According to SOiIAD.(1962,) at the lumbar spine Lt12 : 15
arca load limits of 255 kg/cu? were calculated cervical: C5/ 6 and C;6 : I0, each
for vertebrae and 460 kg/cc2 for the C4/5 10
intervertebral disks wlhen deteroinin .ire limits thoracal : DI;,12 : 9
for rupture ainder longitudinal strairrs.

Wlhen investigating axial loads, the ruthor of the Lvidently the Junbo-sacral area is affected in
present article ascertaiurd a breakinig load oh the first place.
73o kg for lumbar vertebrae and 1500 kg for the
intereerhrbral disk. IlUreover, i0,fsf1960) Was Considering clinical awid neurological diagnosis
able to lrove that the lagasent has capaictiy to we distinguish between: local cervical or lunbar
absorl, high energy strains. In the presence of syndrone, radicutar peripfhcrical pain syridrenes,
exaggerated strain, i.e. excessive traction or radicular syr'ntons with inpairneint of nervous
bending of tfhe vertebral coluno, there might •nrucfions as refeired to mortion and sensitivity.
rather occur a conpreasion fracture oh vertebrie as well as deficient reflexe; and spinal
than ligauent rupture. Only when rotation Worn sycptoos. lMoreover, there could he observed
added, the ligament structuries burst which fed to cerebral, eascular, psuunixrdicular coplexes as
dislucatior fractures. Considf inq these ,well as nixtures of tire synlrtonr (is nentiolred
findings, isolated traunatisir of the sound above.
intervertebral disk oeovns unlikely to occur ellre we use tile characterisLir: nu;cular diagnosis
w'it ut simultaneour, injuar, of tire borie. procedure, dyisoarmoeter control according to

SCMIIID or J1110, and th, well known sensibility
Apart from nervous and psychical strains, s-ihmen.; in their modified version a!; described by
aircraft pilots are moreover exposed ta high HUlhlU•HENhhlJk and SOMII.
strains upon the spine and tile intelvertvbral
disks by: Apart fron araciesis and clinical e:anirration we
- acceleration forces ini diverse diections ilispoue nowadays; of varied figuratiec diagnosis
- escape by ejection seat procedures. Or; priricipl, linve'er, one has to
- exposure to vibrations in se;led en:;.iton i l keep in ri•d that radiologica. finding!; cannot fe
the Irody cunsider(:u to be absolately reOliable. Their real
- ifoobility clinical ioportahoe only be10n11s; evideat When
- unadequate and for•cd unnrtutal po;ture:; of th aenonesi:s, clinical eixaninat iorrs in the fiefd of
bony over long perio&; of Line ,reurology or rnvuro-physilogicil tests have been
- adflitionral loads upon hn'Ad and cerviriC cartied through. We Irropos;e to wkte a diagnosis
segments esereised by a 4 kg hfln-t steo by step, a: follow;s:
- combined load, such as durirq aii oinhait nid - regulir r \-art pic:tures oi thie elunn segnent in
air space olý:Arvatiolr wheir llilh ari>'eltcir iln qur:;t ionll hrlouhl re made il .1--f anrd ill laterai
for ces are com inig into eli c(t . yC o vel i 'i,

1i*~-'

____________________
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- x-ray pictures facultatively taken in inclined analgesic purposes, myorelaxation and
position, detumescence; and electrotherapy. Afterwards,
- x-ray-pictures of the spine taken under working therapeutical ieasures are administered for
conditions in forward, backward and sideuay rehabilitation of nuscular and nervous functions,
inclination and in rotation, Shortened sets of muscles are extended, weakened
- conventional tonogranph to be carried through sets of museles will be aebuilt, functional
in rare cases, disturbances will be treated manually. In a
- ayelography, to be peforlned in rare cases, special gymnastics' program, the correct posture
- coputed tonography, for an ideal vertebral column will be
- CT-myelography, taught I jRpckenschule"&).
- ilRT - magnetic resonance tonography.

The netiods to be applied depend upon clinical
findings, treatment as initiated and above all
when surgery is deemed necessary.

)ieuroph-ysioloqical methods of exaninatiole are
electro-encaphalography, evoked potentials,
electro-myelography, electro-neurography, and
ultrasound-Doppler-sonography.

by means of discography, conputed tomography ansd
HRI, intervertebral disk prolapse c(an be
classified;
interdiscal fissures (protrusion, degree f and
11, protrusion with ,ub-liqamental sequesters),
prolapse of tIne disk (connected oi [toe

sequester) - these items aoe inpoitant
for the therapy to be applied and the prognose!s
for a successful treatment.

Diagnostical and therapeutical problens nay arise
when additional degenerative alterations of tihe
motion system occur Luch ax:
Spondylarthrosis,unco-vertebralartlhrosis,
esteochondrosis, ligaenetal sPiond7yloa,is,
inflienandons of the peripherica. nerve roof.

4. Therapi of Intervertebial Disk Lesions
In case of a diagnosis of cervical or lumbar
inntervertebral disk prolapse, independent of the
distinctiveaer;s of clinical symptor!;, the
respective pilot is not apt tar military flying
duties lot the next 6 months. The adequate
conventional or operative therapy will be
initiated with stationary hospita! treatment or
on an outpatient'; basis;.

4.1. Conservative therapy Hoas.,re:;.

According to KRhMER 11986) approxiately 9C ol
intervertebral disk prolopso;s arc treated bU
conser vative means. In the acute phase, the
following measures are applied, such as relieQ'viq
positionino (in a benched bed, for examiple, lor
painfiee rest, or extensions), inmobilisation by
nearns of a plastic collar or culset tst
redressenent aild relief; drug therapy foi

L..
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ID ectouy.ln the case of dislocated sequesters,
4.2. Surgery heni-laninectony is indicated, for lamiiinectmy to

be carried out on a routine basis responsiblity
Before preceding to intervertebral disk surgery, cannot be taken considering postoperative
the operating surgeon should answer the adhesions and the loss of stability
following questions to himself (according to (WHI4E/PAIIJABI 1978); (URACOVPfSKi(1987). T'hs
HEDTHANN 198$): results of conventional ID surgery technique vary
l.ls there an unambiguous pathoanatomical cause between 77% related to 1500 (,according to
for root compression? (hOTIIIAIIII/SIMEOBE 1982) and 911 related to 1550
2. Are there any farther compression factors, surgeries (according to SCIIr1TT 1984).The success
like a narrow spinal canal or recess? rate of micro-surgery of the intervertebral disk
3. What will be the consequences upon the varies between 91% and 96% (GUAILD 1978; WILLIAMS

mOental stability when further decoepressiin 1978; 0181G6S 1931; EBELING 1934).
has been realised as planned ? 4.2.2. Percutaneous nucleotomy
4. Would this case of prolapse not rather require Anong different types of therapy for lunbal
a less invasive therapy, like percutaneoos interserteoral disk prolapse, percutaneous
discotony? nucleotony represents the less intensive surgical
5. Which would be the best way to nininize pest- procedure. We distinguish between non-autooated
operative adhesione? (IIAPLD-nethod) and autouated (AOLD) percutaneous
6. Are there tangible reasons to expect th.it diecootny. In 1974, IO'l'etJI'FiLb carried out this
surgery will lead to a nero favourable course type of surqery applying stab incision under
than the conservative therapy; were all adquate local anaesthesia with the intention to cut short
conservative suasures exhaisted? bsopitalisation. In 1975, IIIJIKATA and assistants
7. lo we find any psychogenic factors apart Iron were the first to introduce a complete series of
the organic components? surgical instuilents for pereutaneous nucleotony
8, Are individual pain factors of the oveiall and to formulate the objective for the surcery
syrptoms partly clarifi,ýd and can suigery bring which is intradiscal deconpiession with redaction
about a change for the better? of intradiscal pressure by renoving nucleus

eaterial, 11UL8(1951) and IIIJIKATA (1989)
If thele rennin certain doubts as far as the additionally point out to thile iportance of
indication is concerned and if the case is. not anulus windowing. Apart from the deree of
urgent, surgery should not be performed, intervertebral disk prolapse the anount of tissue
In Berlin, 1909, the team KfAUSt11131PLIIilEIl renoval seens to be of prognostic inportance for
carried out the first intervertebral disk ;;uccessful surgery. I[[JIKA•A (1989) aiid
operation , in 1929 ALAJOUIIIIIE perforred the sane (;PAII.A.t(199) both indicate 1.5 g as being tile
operation in France and in the same year, DA1NDY ideal quantity, while quantilication pioves to be
untertook it for the f irst tine in the USA. In dilficult. In a twelve years' tollow-up study
spite of lengthy experience in this field, IIIJIOAIA (1989) was able to llo.ac a 72' success.
indication and extent of intervertebral disk Flee sequesteus as Well as sub-liqamental
surgery are disputed. sequesters are to be considered as

contraindicaLive for percutanuonu; d (scotony.
Advancing or prioarily functional paresl:; and
cauda-syndrome are absolute indications for 4.2.3. Cheoonucleolysis
discotoey. As relative indications we consider
radicular lumbar i;yndrome, c e weeks' competentoul rheomnihlv. o is the nOnl-sn;(lluj'al 1• e tlIe.d
conservative orthopedic treatncnt, positive tenoval of material of the iuctiluo pulpo:.us. In
correlating Cr or tA•f, free or sub-liqamental 1963, L.EYMHAtlh;SHtlIH prlformed papsin injection in
seqnester, combined discogenic, o:..;eouue the inlerver tebral di;k [or the lirst tim,! and
compression of the nervous loots and thle ptti'nt' reports good Icaults in &6, of the t'acos.
sufferinq -as well as non-eoistent or Ihe first veperivents examining clipenoiilcleol -is
insigniticant onereses. on the basis ol collagenase e.ie calieied through
The following types of surgery ari I oe;ible: by 5U554111t 11968) and SU.Sl;HI dl,111l (1969).
4.2.1. Conventional discototy ApplYing this me.thod it in; inpar taut to select

the appropriate patient anS to choeese low-dose-
According to KRA811 (1986) coirentioiial di!;robo1  cl'buepapain inojvctlon in ordni to minimize
carried out in micro-technique should be coplicatons. I total sccen:; rate ol 70 to 751
preferred considering the better results achie-ed is stated.
by it. Standardized procedure is intorlaminar
windowing (flovcctoum• aith sequester enn'oval und
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4.2.4. surgery of cervical loternertebral Disk sieries of oicre-snrgeries there were no
Prolapse postoperative disk inflanloations.

SUEZAWA/SCIIRLIDER (198) and NAYER/BOK (1988)
Surgery of cervical intervertebral disk prollapse discovered a higher percentage of postoperative
is cow separatelytaken into consideration. iafections with pereutanteous diseotony as
'Ventral procedure is pruvaloscont iii its general conpared to convoentional discotomy.
importance as well as in frequenfcy, notirods are lsiluros of intervertebral disk operations are
defined by CfGWARD (1958) and Sffl'lll/R1flllSOil doe to:
(1958). As a rule the extraction of the - erroneous identification of thle segoent to
intervertebral. dish is confbined with fusion of undfergo snrqery
the cervical corpus vertebrae by ventral surgery. -noa-idnnitified free scqnestnr
If, doe to clinical and radiological findings we m inimral osseous decoopression
face the so-called hard-disc-coaditiound pain by,- postoperative iatrogenic in;cLabil it]
onupressien of the nervous rocts, unco- -persistent anules bulging

foranenotony should be carried through -recurrent prolapse
additionally, as described by LANIMIC/lR (1979). -epidneal fibrosis
Surgery of chronical cervical nyalopadthy inl thle -segnentni instability
case of nultiple intervertebral disk protrusions -facet s-Indrooce with n~inina segneetal
is carried through dorsally (byI oeans of instability
lauticectony). for nadintenaurce of a stable - arachnitis.
cervical spice the fusion of tie notion segnent
is essential. In the first place alioqIeneous Ri origin, th es-isootysyreefis
osseous pinis taken from tho crest of iliua are the narro ese is at cen`binstionl Of epideral
applied, less freqeently' houoloeonoos osseos: I ibi asis, sobdorifl adhe~sive atrarheifis and
pins, EXider Knochen" (bone chips of aninaisi j, segnmentaf instability, eventozi fy conbined withf
blone cement, Pailacas or Saillin (RouSI ii I19/. .1s persistent onulus halinqif and ecarriert prolapse.
degenerative diseases ol the s-pne are, chronic it further revisions! surgeries ifi rudy
it; essential to maintain the correct mc:;neesfle. At the presenlce oi epiduar iflibrosis
postoperative cure ior a sail iviently long aird inlstalbility, patients; are xiry reaipozoi':e to
period. This applies to the conservatime nermiec . levion~l therpy and flusion sat ji ll. Coursie adil
-is -,ell as to the phases follow~ing surgery. lire pilogneusir of arachiritis ale hrito be judged.
tea ruies of the lekenschfule"Ispeciai gylneast ir in summary, adequate diagne:.ini:; is jdirr P r 1i3a
progran to train correct posture Of th'" spied) ait Il as surge;i t,,chrnigum;-iicli do cot put too
according to KRAMER have proied to tin -i,ýt much s~r sin aponl tile pat i ml, andi an 'Ileqeate
helpful for s;ocial and professional Jroltofler'ltiteCalri.
rehabilitation as* ýell as; jhyviotherjn,-tiraf
rersures;. 'l, dudgement of Ability for Ifilitar, 1fying

4. 1. Coaplications Arid failuresý of friter-er tfollaf
Disk Sergury for- thle as;:esSrr,'nl of thle abl~rIity fot nil) tar

If, inq lot ics, '.ensrrlter: nq i tiht hh:trains upon
)1ost frequen10t von~p~iicticn4 dre tier ein I insO of tIire spine and the it' iirf dish,; due to
the dura whinch occur no:.tly -iith -idirer t If, i eg in a jet air l c i,' ith o' melon sent and
p~rolapsee! and with ro;Natnd ihiscotonaikis .7 fez highl ri-acMcdleaion:; in a si&ltd positzan~the-
kselw.ivily mierosnrq~ical Srý iets of pltife tore. ar:.wers tn theý Iurif bagq quo:.tfle:, h- of .0ital

(GOALL 18 itflLfAMS 19718f andiwith if lieta-o iI nfcl tInnue:
p-rvutanlkou, discotomie, nou duar in joric:; Could 1. ocal isotior; of the Inetl .r t~elrif drutk les~ioo
be observed sýo far. As, n r ale, duar en jurins: r'i I funbal , vet. icr or thor se-al es). it ion;;
hi covured by saturn without any Mr..nnc: or. ). Itent of tIre( intuvier rtbr I dit . ro,
inl the easi, of damages, by I, ephiIi :',d (uraord f, Il ptotriesion, prolap! ' , ft n qog ter i
free plaistc sr~agery tuing fatt1  f lap!.. i11)I Iýi ua leion ii ne or note inr:.
frequently occar complication; !I. theý senlse of 11, tIs Iec a 11rr10 ro.PInal cart I 01 a run] ro.
iltrl-e le'sions wAhiCh, inl Most -if" :., in '0 ran:,i hii ceýssis, ldditiO11,111I
higjh tension onl the2 n;r,,e root f f fi li:r,.A r: 9. e!ait ui air &nbqiiarl con:Žr :af i:' therap, er
il1tfIMr 1982: (,i~i and vascular leinnurqrnl itca n in

*Acrordiug to JIifLAM 11982)r we I iwl himortoprant iw C. A1ic sargq-rie:; Cattl' A thri,nirf for farther
*irifect ion in 2.1' of the cases:, 'iccordIing to o.!".is ionlrs ion or ;las

I1I101)l1jW I'YKKANI N I fSII2Iin (1.7'), of i,, Ca):;'-. 3Ahicih at, theý sped!iti airenif :,lrin:m.;
Aecordie'q to GOAI. f 1576) andi il l.117M7 f19r)Illa
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9. 110-- is muscular stabilit7 of thle ti11ant -'I'd 0I coslploto cure, ci mininal) residNee of irritated
thle cervical rsusules aclijereil toot snyidrone, suftficienti spine mobil ity, freedom
9. Ho'w are co 'parable strain-., tolerated al ter Iron yule e-ve(n under sti-titis, as; well as a good
surgery (like sports activities, virtualt strain stabilisationi of thle! lumbar vet telbral column by
test nuder tile observation of tile flight :-urgjeon stirengthened trunl; muscles, wie consider the
and of thle soupon systen operator: Aibilty for military Iflying duties to he restored

if ter siX nonthis' break. Ini b'eginnming,
Six miouth., aftetr the first di aunosis, Us- Abiliti Hnm cal exan i nations shouslao res Ii cvi by thle
for nil itary flying duties is a;;secS~''l I I iqht surgeon oii a regtular basis, lin the ,, e ol
consider lug the, ci inicoil and rudiolciji -il i ecurrent compilaints abaility' tsr military f lying
diagnoses as siell as after an adequate dunties cannot be recoguized. tliorexr, in tile
conveittiousi or s5urgical treatnenit. ra;;e at Iunbola intersectebrail dirt litolalises atid

thuir siurgira treatrent with lurtiter osseous
- . 1. Cer;iical 11i pioalice deconploens!i nit I p.Ce. I at i nec btt; t wiŽ t19 tot

tn e;that thtan' is c;ull ici''nt abilIity for
At tile given tihiagesis o xit ': ici-l lb it olali;e, ni litanly Ilying ditties
wen consijder that there is; no ab'i lity I or niliti (tliar fxa;rahl e toier ision; ito piltgoni a quail
fly i dunties; neithter onl a jet a I cr I~t wi th an cnucn lot stahl Ii t ion Ii tt v themtbar ventebil'a
eject ioni seat ion oti a heIi copter wi th hiu oh c IunaItib opt i n ili ti-i it-ni ttt itith nn:;c I
.i briation strains, i ndepý?nitcit ol thr, resa Its ol fix tiot otto theý trunk nit the :-,'.it and by( re~in; of
an eventual surgery or anit ciini(er.atixe ti cati-itt the belt cyrti' tltusi tcliie.iIl It -iiii an o1
applie d. uur decision is bascil Upotn thll eyticri' !ttidin esevicesd I), levet ap'ti n uta1iod lotI it. I
stit itts Upon cer~icai seijmeiits -ilinigit occui oidetil to mini ni , 11 a~ll cti: oitl; i igiat-i' by
by w~iy ofl Ieveraqe cnn i nq about by mll vi .ibinat ion Ii atw Uspon Il. j:101 bod, i 'h i; 5
acceleration forces in vadrinus diipretiott:; ci 1,, I t~ l. odtu't ion Of1 l'inqlop tm-i I itt;; " ' )]Iit
additiotaia strainis of the, cerv.ical set t~rai r
clutmn Line tot the heluet ihich hasý a aetuilti ol
appros. I kg wieight, or h, '-aircue stt aitis in -liit 'I fummt
comabat and during air e ; -.~ation,sh--n theý pti-cI
ho:, to ppjpy high ent'tg, Int-;; iainxt Ili'- iiti'itht t;t --itti it i-letitrt 0 tIll.

centtit eq-i I ,ict cc. .\s the ucoriinct s ot; atn tit inn ;. -t--t,ij b-- exp~o:;d I'iiot sitA tAin;
isolatedi traumatic ID prniapse ita:.n;cot n--~ h,hth il- ur b-h-n piiitittmt aI I.I -lit, itt or a1
plausible, A-2 Into to considvit ittt-n [it litI cot~ . i;.oiiited tinivontlI W' I- 1-tvn-; 'Jut' to

di.cease due to a 'genet icaIt,- tdetvm i in-tI -ju-i it it, In If i-i4:t it; tt pio ' vit Id, nil -onte into

unit a maort,---jmentitl ft) licrinn. out a-Insil Ii nditus and kne.1 )p, ofi Iit -tl- atter.
v.e, 4.0e too; thit after lu..ion :-nt'i'i , thIeý eli--n tii--t- t:.,'ii0 in'Ut-it - 1Iqni titll :1; to lD
.idioen. mctioit segmsents, al'l ce'- to tIn,'U1i. ,I pid q.11 i-ovid-i tditq 'lint' il tilti, tit't'i
-Atiais. functional dictunbmnt-:. anti ir-ittlut- lIntdinol., itiitt tt lot mnttitir Ii ,itti 'lutim ts:
si41n: oit e0C at all Coappononti at tie;. not toil -n pt-' I er Itl,- o'nt :i) mitt t;- . 'I.--juit.'
s'-qmt-nt Might appear mote tt- 'en ,. nnthnm tht-tIaj", , 111t-1 I", '-net. -It -' t .-it-ticit
aspect is I itatien of the veit,,-tatMunlan onl lt-- I resvilut i-6 I to-P initl at-il. I'II tti,- rise, of
!oat at tOr pitlut. Thotacal -tnd itiatal r-Iuii c-r -in-it Ilb i ploi-t- hc...-or, ,- n [ot r1-cKIxjn;'
colunI it'; 5tsbli.icd I10 thý st-at anti ttt-- f-It -tbil it, lont llitt;l I I i-a ln - -- lo pilot!. ol
5s,;teb. the cet.-ic-al paIrt at the sjpill. -- iOA l ot jit vi-iit s ited c-ii In -i-' tins s--It and tot

suporeddosalybythe heath.-c. ti-tiei-j-tnr I.t1-i- *-1-- alt t c:-At il-,lulls of
tMuscular utabilutialion ol tthor iti!-4n5-itt i -im-i.It-1 ilat-atII -i-) iro s' -In-I 'tool
fi, the neck ins--Ir is, more naou---I", i--sult:. (A t;,:d-:,m t .. :-, I lb.- .1111it, lot
am~itonjir standards as conlpar'- to m:cin at nlil1 it lI, tI I ini dl ic- 1, a; I-i na I -: lt--ut.
stabilisation at the, iliscal --it--bisiI culuani b, NlItLAIttc; l' ,151_i .t-n lb itt;t I 1,111 hue -

the tlun. Dmaccs.- i tt, the ti vspo!its-t I-I' it-:it ý,i-etc on :.iojuld eyanitne
Alter -.uccesstul treatment tnit t-ticibiltttitinni fly- piiot teqol 'I],, it I---0- in the te-Aqinnjint.
conveision training tlot a~nttOn a ti4M ni
Wit' aincraft)i may be) inlitiate.

'x.Lumbar lnten~ertcbrial Disk Prolsw'-;-

Alter euccessiul cotuseivative or uroii~at
tr-eatment of lumbar ID ptolsp;.e, that me-an:.
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I. Sumimary: Z.%bbmlevilatlons amid definitions:
IIL5XUSC C% CHI tleI f~lit niall Iwal~illy > puSh sul let I 10111 S II 111 Ci's % IN tivi lbe C a labi 1.N 1it he Ii NI (I '1 Li %cal
tle stt'sai asitlg and dcgtietacaitn (it tise spinle. suidt'ii %%II wil ci alled -CI'". tile thu1d iliiiatal lit'e %'%I Il
t, 'isit CNi a% lead It)ttitlp NStt III ý'4sp! lid Ilt 1 IN h e calldiiC I :I'l 3 , i Lhe lIth : l bai neieicic %ill he called
degcencialed Interit! leblal ds'pisartidi' ittti lilt-' J.5" ad lit- W:%I 'sacitll -sl

'I'i aytid n~skit) I cn itral I light '-,altl .I, nell as. h) lilt- adomljtstI iiIg t( tiallit ig St J:. ~ .; IIti ii(1ilth dist

lilitt s hlicai, biack pi~n and ti 'eadle -.\ndlsiomýiie aI, its l.NS I "
tic c a'N oi~are'da'ioulciUcal I. A pull laIN0 ill an litert ii te~bhiI dism is a1 ItIuI II

ititL- ctsiniifllnlt !h'hi IN Lit m %,i galt- the taust- tIlI bulging Comipared its a jiltlaipS. wibtit'lelt Illgatlit-itial
%pi11i.il -m-nut c Itavll cii in canl Ilt' di' de 1:114 mill ti'- %,tell% mi ItLLIL 'sa ill LI!iliit'da.iid Ilirt' mat i- lti disitkaittd

piuk Il ii ha dis wUII alY ig ipI tillsN.
I-i: i tilt' srac~lt''tIicd it: ig iniF wi aind tlaiiiial A ciclCiN C iiialiIuii tdUWt5 puII1ll IMIijJiLstt1.l.a %ith~i: t

1 \.linlliaitli tIl the pilots. ii bath li'sua IN led' its liii' I flielit tl4iI~l)15'%%issII %Ill Cdstatilc%.tiNAI th ilsltt n11 ilC1
:stuh ileciictimaas Ill the lsx.laii~ir )I the' ilsitn 'sIsI atl' it' ii c 'nIeit'si! ,I plxt'slsl
%%-I 'Ii -i a ii n hx polbet'.~ iii Ibe cdi'' ic g. A
pri habix ii alamail it' w it f is t s i'e Itli' Iiiii n 5ia-l 3. Anatoniy and Pat hology:
itt-aNV I tict L'tilial alit till Sslitli is ts N~sstI bisil hiii aind

Setn ntli'ULilINI\ s11itit Idi"itiitistgi ii ltI, %r 'ich i% X fiii' spinal Coldt.

I.s> 01tthe 111' 'sllcsad. IIOiiil piIttijijistil I X a l ist' IW tII]C11 ipltt'aa nu 1ECI ''tdilt%% sa Is lb lilt' I~i\LI Ntitsi

ttMpiMatt- tsiloiiigpji% ('It I and an Ju dit-a! casts 14Ill" titti ianikil sti 'pial lint'st I hi 'iiil iti' a

lit . clgitii* c' ''~nalitc lfd ii ttri g NI Nit. Nihi ch talln e5 ~ h uhInl.il . iiNt h 1~
dillleiinale hciiiccn IllIIst11 Liind l11itriUisII's sil I N(lsha I

tinlet'ci Lcbr'I di-t's
III IIbs.' thaiird 's hep liii' ttll Iblh ktitnage i% tiilLtlLtd
lit IWlt-ulttpb it stltactal iIlVIIts d' I 15511 litlt \enk lb1til

il saclit it'. dIAt di tli InAilkiig 1till *'slli I'. lilt itll"',

)Ill ilts -s ~iii ihl' lsiti. ad'sl 111,it Msi I: tllV t111 [1IF tisd is 5
fill- (.AI hiastilutcs -.1 Aisas kledi~iic ihj~l lAND)
litin sn p gaplit !-'I .;, bI rl Iits ltt int itliabl.

kI n. :u n i is sit-u ssi l * b.' lii as in t -alm Ia: IIs I IN, nifl s

r,' It.

l.'sis 1s i I nisiss it-al: p.11 al " sstlit ni-trt' sxsi

I~~~ ~ [IP Ihnii
iisi'- s aitaiiiig sud tausaathag it> sslIt-: Itil, ~.Il it-i iAsiVII 1sissi is b ttil atii'i sl"

bAt\ Its iliejVislile 'sefsjN k'itas A lilt I i'i a'.-si1 iuai'li"Iait I

\la net" ii .11 Ii ss"Ittl l
4
i1'hit-ii,iI Not' 'It .iil.itile Spinal 'sc

I"II' j tui.i-Ills' the ii's iuk.akiuie jjnt's"c' tdlla)lts iiiLaii'ii

w'ri#. i u s'~ 'i esta II-'s 
1

i 5)st V145155 ts- .- ii4 5ti5'iiis Il sit , /ts's 14 "Am st~ ir Ap'i /Vi9 .s



lijcatise ifl file atiati inical diniiieisii ns (see H igre No. owiii. %%illf lead In hipicigu in tixetil i iciisii n. leading toi

I ). thle most co ititl stations I0i pa.ssihit- lesmons (if the ivjiiiil ht-itk- pil Ii Iiiitom iitl segiiieiali

tile tier'. e iic the nitt eiverfe braf hi des. I1 oie wounl d oilncitiito.

di ax the- cut fthoiug h the human spinei just a little oiii Segmental pai oii0 paiacsf fiesta: Paint dec-0di 1g. Iii tile
Itighei or lossni than Ili Figurt' No. 1 ',lie van see flit- iiiltidit ofI one licr' - loot. ']hIsliscItuei hv- he
I icrenitebiat disc. asshi 'v i in Fi gui cNo. 2. unitation of the cixci 5etittaitd leads i~picall> toa ' .oad

Ilit it the most ciiiommo catises, of Spiiial ttCI xC of paitiC~iCCIlIdiiig to elimit oh111" the dclimatoilte.
'cii atioti aic denji nsti ated. On Iic lh eft onev can set- a
comicit~ ssloi oI a tiers l imi t, Wiiithe r c-tIntplicated b%. I iguic No. .3 (ccivs-zal and tlitotaca.1 duooatoinesl
Icacti'.c' 11aiiilaitoiii% mSel fiigy..
'Thul catse ll Lithe nets% c ii itatli onl thet oglit sidec has

s Icdfat sfomiix anid l'delis hi11o1 Ixitic ;ipox'itiiittsv

and weill listiu fThe 'inle of;in poii Its is l ic- Iiltati

Ill it '.15 IIV lu ii t)Histoit "f thle iiiWteicithlitil fisk' -id

W Ij iv ctcgPeili'Iiat11 c .ihleuti i ts li t twIl i[it- 'foi ntIII t inl I-ill-

tilic motst coInlttulf cause of tiwn it iii ita ll diiiti

elsIIU ca l al 'Ill tlt: spine. ituithildisc
pioitiUsIlI% litil pi'ilaficN wie li tit, im 1stiiiilka Lnt tt'isLI
Ill tuuiilx'saCiI ilix HOV i~tic (11f 1 Lop If al.ý f'991

igquic Nio

arthrotkc bone C7

ro~active irtlarn - .ifti.4fb iil1, .I-i n fxi-p1i'.ii'' pil 'a

ntatW1 dfld 1s "'[uhf'.11ililt Ill. I lilau

scr-fsIJ .,tils '-, ".-if' ahhtd .ifgi'jlczii po.tl Is fit

I 'It Ici % Ix Wi'll 'ni- %1 I t I n, 1fi 11t ' i l. t -I di 'IZ Il it , m1

4. Sinapmimis ihi 11,1f u.il I-t-' Mfi il.lu1.uf t IfMni

iii 'ii its --.u i V ii aislie gid ni-i 1 t~'.'n t I spi t 1-1, hi iit.1i1 1111,- 1,1 Ix

aid siisitilitto. nfit ii ..i hilt.thudst i%,44 it U ig i'iiti it ll, ialttt I, tuini.t tiliixit

fli h' uiaS m 1lt ~ihtiis.uliiusi huni' ½ 11l51\ flid iria ii' uu.lli~ ,i i'ili~ i

it 11.1,1,- li't mi t'dlli' t' iti Ii .im 61s If I his- f -IAl-hmuufiadantmlu 'cliu iw i

Itilicti ofi uas %vtWthu intilsvfiii )if athe le it II' i todle fIlift Iklit- Ina\ hi.taiihfx.iiifi iitli

in sttri -ed pa uitn, Sml itditniiatti, w if, 1111 0l 'hi' JA 'an liu ntif ,'11t it d1[its tau fl\ N at.1N111 it lI xiii.

I lt ,K 11[, , t M , I'i %M ili It ! % I I hllit 1 tll I% , t , II 1.11..1 L '% I Fj'tý 1 .14 1 1 1111j-Il



aiitae tiie'ia, IIA tli' \e i It 'dc -) the iiVIil leji. AINN kindol' iweixicm .niii'* i.iilni xi
lirnhirif 1 rioad it, thie gwmii 1w i'I 11,1 pinhai- lit'i 14 '.(hl Ijlat~id lrhIqiii -'I11 I IM It 1 i011.1110 cfik "

ad AtttitlidtIlIl IA I i n t I SIn 14 he "listwIl ,) I El i c~l itikut In1 wpi'xiing III h t- \mpwim,,

h\ a I aiieixl pi'iilipt 'f4 he aIiieilicitixtia IfIi" I .,s/I Alit-i t11is inieijimp..ii'n and IAxiiii 'i ' I, I
4 :A'aiii and %xcakiie". in the M Ei iep' 1win I i NI xiii xiwil noial' k .Ihlt-L gt it i.ilt .* tIJixpiiii~l 'I1Js dlk t- i tA g itl

radIJtiinis- %)Ii p~ain Aad it) thu i Wiillt' Liex eii %kih iatist ill tie stnixpttinl xi. tiat in lilt nix\ % '.i-o''it

i~ tileor lei t andi i iatxo livie a 'I ALit- ptiw ili1 Iiitiiii : i'illI Ail It ;I'tn A' I lit4lm I .t Iai 3 5 i S I m i Su it

Abuse11.;. 1.. Vt Iiiiui' f11l d I it tUat SitA 1 ,w . ~ A Ii Ie .ti3 IMii CH' Iit a ' XId%1j1iulei~ Lki I Al kJ N )IA I I Il i11,6 14 1 . %'i

'ttc~il~icliiik iea d Io'AvsIIC: "ttIa s 'I us-1iaa J ei ,~ I fl ( I scat 'lit Ixii li 4". 1ii , ,1SN Sit Il

ui~i i'hv l e~n~llll'e' nidt Alet '''1w ill A t .d aiiei vu an A''tx i aii ic a moli ieii'li ti i- i d (''liIpAVti
1

lel~ctiai ing '.. ciai ntitt' pi'lad. tt tii il t JI,:1ý I tils li' ~ii d llt . -Iit ltdil ix

that ~ ~ ~ ~ ~ ll 11.11pcýC iele t1 ' lýa di c . 1I~ 1 1 '' a l iii fiii- Iti u iii 1i' .'ii t l t iitiiI'ii h

Al tel. tihe 'iiili~l ha' ilesetltd1 tti.t 'A lilt- 'iiis . I i l¼t- 's r.I -sI it Aiih , ' s. IiijtMt I -~ ii-imi ii ,

IC1att1ul iir In i \Lu (Ii I.il' tdb exilisuUi1ILi iii' 3itt nt-n"i' L 'i't 'i~i n -ibd t.ia~ 5i~

Alt~~El tsar1 -Iiii'il~l it-lad, mim al\1 jilci I',l si''i Ill

tiiIfiilv si gatoi Tabi'l~'li' %,2il rl'fn l.

I. )ri-iu 1) tilItC1i,3101 ' l 'l-kt lo ilti h\'i' In c iaidiia o II Ix li Ii I neuuojinN .,%xulah nvettigalioli

A )ai .uii' ~~ lilt1 ~hViIticantvery3reliabN detetonylr hr i r lesions but the

It I' I111111-1 -euogaphou thme-ca n dela i Q3 Teasuhrvl etx ca m ek
Da hit , il hlt aic iii 'uha III-l ,vi .I i dak3. ntrma lvn aerihera IOSJ s but thi ne rr

i.$omaoensorynr vofteI Polestcan giv' e inlrn ia..w
I .hAavII g het a cl~uei te roosat Thsss llfte con lar,'

1iuh irah l ? nlteiview c a~lid eaml naho 1 ii'ou h. ~ ~ i~sv Ino, t 0r~"' U Nil it I .4.1170'(1; 00
'dbt Ill!ce I3 III JýIIIOIOQCI Qnwis101 mnllb at me GAF I wA).'

traTgeaeatoiFne-ns nne jait' con'i''"'. and ijeac-lo' '

Murcle on of itrelew and lOai eAbduction ot theu

i, F(iatims x A31 n d erti lerinion- 03 the Uneta res I t t'3$ i,' NJ nk I1. Ia;

braingots xkmillt and extenion e anlv)d Knee I' -q-'lLi
rweyNa t -oo san irheelad os i-o.ini-"C.-

trioscraialnev es f -rce-and trpupiyAar-mavernent iw If 91 1,,
armcirs axon 'and alion 0 a"w ellqtr!A' 't'" .

cllnha-rehex an senswby0 thed~n tao W.ngu

hablity lorc stCol ther serl andlsoft adu I .- ------- ''- ,

Tr roentanerves rye-and ppab niveiakww'luA i it...i~''i't '~

Btabln" s-ro*tej

Aflob~csctusa AIs.LuiJI*ioA a! S'ilciaiafl Aind raitA t I t a Iill- lidh- t J - I. i r -- '-

arteries ~ ~ I, lit111 it-1i ,'



24.4

Higure No.4 I-MUt tbibsurs limt an tions lie lii the f act that oinc can onily

- audiovisual as;scs the foot St.
S - interpretation XV ti~le :he itetliods u,oei'iiiid ibows a; e cash)

of the m usde- adlinini stcere and inlet prtemd filies, deal in, i t h
0 activity nitisir-rtsit sl) utnctioin.

Sotnatowenstble Evoked Potentials (SSEP):
SSince the imut commi n clinical deficit ' ~enmm-v
SC hia;ppa, I 990)), and scnst ir ic ptiits tend ito N:

? Needle-electrode tinacut-ate (Date et al, 1988) thle need no~ses ito evaluate

Musce Ispeciatt) y ai thpiIo ts tile sensotr; repti itsfnd to 
tic

Muscle I iaccot at it the pilot di ssimnulafcs the syin pionis lor
enrolA licsisint his licence.

The ont) 55 a; to ateasar Iic.th la act oo the .Citi

Negpjg vi 41Y: partis ot ain nit ri Lted toi %e it -tM (Sitolhr ci i Io 1. 1989) li es
The rou tine nere - clciiit;min csut cnemN o tlet no i% il th1 he1met hid tt SS IPP
Ini Vtght i nto nerve -root processes st nce they record thle Withi this method lDa%%son. 1 947a) onei tiles% to
nitve-l unetton ot the distal part ot the ners e. nicasre tile cortical potentals :that are tile result itt

Willit-ws-iatricis hutwesci-, %4] alae able to st mua nitl t 1neof rise II i kill Ltind can hc reciordedt
assess the functton it othle %%hole j)Iper pherl nerve. contralatei-al Is to tile shii aiiatioti over ti Ito Itttin

ticludig rthe nerv.e-ranx~. se1sotN s areas Oft thle hraina (figure N itf). - hCa we; e
While clicieiti ap normal motorical ner~v-resjxrnses, tine methi-ls cvci tsed to atensure [lie osi ked rv 'tratwals i's c
call i -cord sotnesvhai irrgularly late responses that are the spine alsoi.
ca~used by retrograde excitatton ol the moturical li thre
a it h a folIlowing normal ectai tuion and tweak) FI2tgut-c No .(-.- ( -irtcail SMI.P:
niotorteal answer (see Figure No-51.
By comparingj the sides tine can nornallv detect

siiiItatslowing of' thle I kan-C. it tite anterior RII i

fi Cortical
~~ Recordi ng of / elcboe

indixjted at [ci MaJUtri 'A ait, I99

With ciirttieat Sf))' one h. s flt'e tim i ait ott it e-st itg
thle wýhole sornatilnse sry sfltICtfl so Si) it.

H-reflex: dilterentiated result., can be obuiiied hy- the nwictod ot
Wilfit a si tili at JCj~Ic itq ttc as III t11 tie - aas V- I ai~etiri Sci t , 'yher, al Cuib tarrittolý) o1 suM nal i-d
aseasureienctsotne canl obtain li.;ele-tia on) xictuicl ssriv aldt issa poci .;eb to locate the te gion o"
the rntrincps surae. the lesion.
The tadin difjcrecne tics in the fact that [tic H-relics - Nmii ialls the %1.mutaititi If [tie setsoixc I tires is done
respcnse- travels first in the sensory fibres and i s dui-eetly by -tinialatittg :; nersec-irutik 'Regarditig thý -
-stvtChed to tile mn~oltiial 1iibier ii [tie spi nal segentc L fl5-stigation ifne' c-i tcnrne his (ins the

S.so that one canl detect l esiotns iii boltI the
S ~drawback of stinolatnna several ,wrs-A-rtnxts a. onkt

mofoneaul and 1Use sensory parts of nerse--rix-i S 1. Tile hence the conlcept Of dernsntc.rnnL saimulaiitcn allots-.



to stimulate Ideally Just onle ljCrvc-ro0iL (Scc also would have mwadt, things lurther complicated, while
I iguire No3l. lesions, ol' the distall nerve are gcncrally easilY
Having stimnulated itt thc aicaof the dcsi red dermatonic accessible toi itui graph)3.
one hismito average 250( ines to eliminate stochastic 'Io avoid controlling Ior body height and temperature
disturbances. ke generally use only the sidt. dillf-erences.
Thent the results have to be measured 15qcc Figoure Side-differcnces in latcency of moic than 3 ntscc aie
No.7i. statiung with a negatis c %uavc NI seen as pathological ats well as loss of curve or more
(convenhionatlv pls'nfing up). fol owed hy at positive thanl 66% los;s of amrplifltde
PI alictc which comei again a negatixc N2 then) a l".
Littencics as well~ as amplitudes arc mneasured~. 6. Evaluation:

Al ter [the i nvsti gai ioit detailed in chapter 5 the
F-igure No.7: SSEP-Measurcmletit: accumiulated facts and teports have~ to be esalu~ae&d

Cincrertd coitsiLcratioits:

NI P1 N2 P2) Thu f'irst inform-ations arce given by the pilot hims;elf.
Thew physician in a noiorinat clinical settinig can rel>

ý,he vicaIs on the voluntary reports of the pattient. The
iiilot a at ionsu Fi en by the pilo t have i(i be vijettd
care liiily. because marN5 pilots tend to) dissim ul at iii
ordcr to matintain it thir l icence. Somietimries sceemingly
irrational lear of gelitig grounded gets in the wia) of it
(normal exchange of inlormatioti. Since tlie physician
has to keep in initnil both the Il igh t-.scturi ty and [thc

i~~ o ~ ~ pi loit's itcalIhi he is not al ways able to dec ide itt
acordaitcc wvith the pitoft' declared intcnii'itt- a fact thie
Pilots are aitW sir 0.
So ill getietaul the psiluot s reports concernting tile

The esuls itthemrasrcnint mte sal ititd wlt polotis may gis e sat uablc nloirniati on, but mnay in

- (bserved latenctes against normiattvc-salues (Joih and Sonic Cases grossly understate the extent of the illness.

lI telse-her. I 984 or thiappa. I 99(). *i7ccl:inical exullititionai srelies ott timepiloits i ctxmiisso%
-side-dill crencecs (il latenctes m sidc-dil lerences ot or aS sensory def icitis are cotic rned, so thai
amplitudes (Chiappa. I 'YM. Widdcr, IIA) i oli.iimation cu iteeling 1 tiC sensosry sysema (cid tidt i

unidere:;ti mute the lesion.
Byshine au tho rs [tie seisi list ty (if the demtitomnal Pareses otn the other hand will be easily investigated-

SSE11, investigation has been compaicd swith that of taoc with the danger oft o crest i nmition hecaiuse of
;nyclography (Katdit and Sedgwtck, 1987) or of IiMG algogenic components (especially it thle pilot auiled to

T a its and V'redevcld, 19912), tmost want to add it as it repor-t the plaitl).
useful method iii their electrmpltysioluigic ballet) (S"u
ct a), 1992., Walk et al, 1992) and somec thtink that Theli radiologic~al data will state iibjcctiscly the CXtent

ttte' ae n~t uefulSehiid l a. I X).of thc morphological lesion but swill (it coarse. leave
open thc questioin (if the clinical retesanec oif the

Theor.-ttcally it is possible to iii*esttgate full) a resutlts. In some eases sesecre degenerations (if the spitte
sensory lesion urilti help oIi the Vractioned SSFP with dii not caase any' syinptomns while eseryotw of us
derniatomal stimjulatitin bat the method has a certain nossomne ease inwihi'a ifc' oacp
tirsi drawback because it is vecry ttme-coiisaminbj. mnr raigcst hindwinch asth causeo disfciloabling

An ins estigatio i is i jumst Iwo segments (cilrin ) i io railgcatidngist) as f ialn

measremnt)need apromtnatly inchour si we As stated previously even these objective radiological
decided not to do I ractioned but on)ly cortical SSUI'. data basec to be evaluated concerning their significanee
The second drawback ies in the fact that the method is ito the subject it symptoms.
difficult to perform and rather artefact-prone. lit

voluiecs thre re mch cssamfah; han n tnse Helpful at evAaluating thc significance oft radiological
Pilots who suspect Some malignancy of' the finding's as well as with assessing the extent oif damiage

physiiansto the sensory or motorivaml parts of' the affesl:ed nerve-
Sinc thederatoml SSP flerthetoots are the nearopltys.-ological methods described ill

into the scnzsory-rool , .inetion, we~ decided to adopt the ciha myter ph on5.nivsiat h ooia

mlethod of ciii tial SSEP. f'lie lraictiune-d techntqtueyirih'oeci nvsiaeteniiiia
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lesion and can dliscrni weakncs Irum paresis. As wellI Usually thre pilot will be grounded for six months
one can get ireliable information of the chronici ty of1 duriing A.ich he will undergo a vi gnrotis regiTicof First
the process. Some o1 these infOrniaions can bc slauionaiý. latci anribulatit pl~i)lotliciapy. Stince the
obtained by F-vavec recording as well, pilots arc geict ally highly motivatedl to cooperate with
With the I l-iellc',-measurcement (ine van investigatc thc tire phygiotherapisis the result,, and prognosis are very
complete flervC-imit S 1. good (drarnai icalý di Ileretia Froi the inormal patientis
With the method oFt deonutiinial stimiulated cortical seen in a hospital).
SSF.P one cait ins estigate the sensory roots. The X-Crictil vertebral degeneration will norm1all) develiop
results, however tend to show% a rather optinmistic slowl y. The pilots soiiiutinincs use the time to fiind new%
picture ol the lesion, since thie inlormation (it the perspectives oiutside the aircrail and reach the
renmaining intact fibres can be amnplified by thre ('MS conclusion that they simply are no longer lit to Ily.
so that the cortical response may appear rather normal. 11 liosvevcr there is little pain the evaluation has ito
An intact SSEF'-rcspimnse hlowever showvs a good take intio accottnt Uiu possible setsoiry dcl icits or
prognosis (Chiappa, I $XXt) of the nerve-root lesion and pareses.
can insofar be used io suppoit anl only) tcniporaoilý -Ccikteal discliscritiation is, generally sceit sei)
gioun diii p I ;Ii pilout %vil a~ niter' c-corn piessiun - critically. Si nce the cerv tcal spinte is muchI more
svindromme. i nstluhle aiid has less Space to accomusiate a prolaps (iir

iitictivr istesclig the dange. o0 conip~cssioit-
Snecýial co~nsider-atiouns: ssndriimes up to a Biiwn-Sdqiiard-syndrotne hase to hte
Because the acroinctdicusl decision-imaking is in F] UCIIce taken inti taccount. Tb is numaufl) ly xelutdes -trirthem-
by the tarn to keep both the pulots health and the ly)ing.
Ilight-scurity at the highest possible lesel. two areas
have to be considered: 7. Exirrple%:

All soldiers preseitted arc Mlikte, tmale andl have to
Actual disabilities: timpiirtant iother svasplorni o ir illniesses lthan thle
In iirder to maintain is I hi-securit ,r the pilt hitas to bec neanuto ugictil uts statedI hi-iefl) N-bli w in t ire eases,.
able to accoimuodate thie needs of airci-all-opciattioti.
Therefore [the pilot joust, not hat -ý an', paresis. 1ik 7. 1: A 45 years umid lean right-hianded Pilot WitihOUit atm
Must be abirle Frnitos I recl-, with su!*! Icclla speed. I Its, complains show's tin UnisUtil xide-dillerence of thie
sensory systemt must be in tact so that hie can iiperate triceps brachit nitiscics: the [eli muscle tuppears to be
sticks and switclies fir pedals wsithimut. fiting ti) liook atrophied, maximtim Force is mnuch tess than that ol
ait theni. the rigiht side even it ose takes intom accouna t(huill the
I is, spine mnust be sitible enough tim endure the sudden pilot is right-handed.
onset if p-force that oCKcurs during military airc:raft- hbecau~sc ab:tolutely no symptoms are reported and the
tupetuttmn. c~aminifatoisi yields noi other sytapromsi lie

Iinvestigation directly starts; s'.ith ain mnyography ol* the
Iliognosisi the pilot N health: triceps brachiitimuscle. The riny .ography showsv
The itormal course iil the illness has it) be takein initti completely norm al at asele-p itetitials Froi issvea
account togethier with the question %vether the pilot's p1irts of the usl wIUS iCtthiUit anyl trace oh spontaneous
duty swill accelerate t he degeneratlion. (e.g.: The need to activity.
carry a helmet. imlten with niight-vision-goggls, The atrophy and weaknes iif course could be attributed
together with the typical vibration and p-stress may to a compression of the left neive-ruxit CT, hut wýould
accelerate the degeneratiion ul at cervical spine, that is suirely lead tot signs isl dceiteratton in the inyography.
already symptotmaticl Diagnosnis: Severe lack oF training.

Rccomncrdatiiin: Build-up uml the muiscle %with sports
Guidelines to evaluation at the GAF lAM: like swivaritig.
There are weveral guidelines, to evaluate spinal nerve
S)y1CFOTromS. 7.2: A 48 years omld pilot complttin,, ol recurring
-Asympionsatic lunmbar ititervertebral-disc hecinianions funubalgia and certicalgia utter lioiger flight-missionsi.
will beriegardedas inot xei% dangerous. Upon more deta~iledl questioning lie produces symptoms,
-Lumnbar Inter%-ertebral -disc protrusions prol-it Fromt il ati irritation of the roots C6 and 7 oh' the right side,
intensive physiotherapy (as do all forms of spinal wvhile underlining his %vill to coopeia~e wkith the
nerve-s',-tidromces) and aire regarded its not very acoericdicaf institute. After questions concerninig
dangerous, pies iolus radiimlogical examinmatiomns (no specif ic done
-A lumbar infers ertebral-disc prolaps has ito be yet) be gets antioyed at omur -distrust .
investigated carefully if symptoms are reported. The clinical examitnation reveals additional signs iii a



comsplete cornisprssion of the right roots CO+7
Paresis and aliroph) of the righ~t bicepsK and triceps
brachi mnuscle,. Fasciculations are. obscr% ed. hinting 7.4 A 301 5cavs old instiuet-i cinviplainls ofll ecurring
at actival r 1o thc dcrnervatiomsll process. ,wadlic symptoms (irritation of' right -ont S I) and ol'
The parcses are denied by the increasingly di~stiessed thioracic pains sirice his test-htil-out with a too-
pilot who seems insulted by our proposal of a CAT- powerlul simulator 1989 that led Li) d com1preSSIon-
scan, but has to comply. I raLWUre 01 the thoraucl vertebrae 4and 5.
The CAT-scant reveals coirreponding rnassive Further interrogation reveal no clear-cuti tiers e- lo(,t
dcgenerations of thre ccai ical spine with anr older ,vmasptoms but paint and paracsthcsin ini thre desimatonsles
most~ly calcified process (perhaps an old herniation of TIh4-i5.
anlnel etba disc) using uip the intraspiniil space. The performed CAT-qean olicis no %aluable
formingt a compression (it the myclon. The iifOrnisation since only the bone was in esigated.
intervertebral holes are tightened by degenerativ borie 11wi dcrinaiiinal SEPl show nsormal latencies and
appossitions. amplitudes in tile segments 1-5, SI and TIO. The
Diagnosis- Compression- syndv~ir sof (1he rh i nc~ 'in -ur-- rh-4 an 5 aic dl15 ioilcd n i tl paiti
rioo ~t~o - due to degenerative bone-alteratil is. sgiiatsd-ifrne fteltnis

lii this ease nil neurophv-Siological in'- smigaitoit are These resuilts can be brotight into accordance with a
needed to ground thle piliot. positraumnatic nerve irrltatiiln and patll% consipiessioli
1Firstly it is not acceptable that a pilot does tot o1 the cli Iroot ThS, probably by scar ttssae.
observe i nissjitaiit lti (ares of his own system - It the soldiewr were a pHi lot, thre severity (A thec palitn-
Secoridly thre manife~st pimreses of imiportant muscles svndi-onie %%ould have to be takein Intol accounit in older
exclude flying. to ev-aluate this spinal nerse syndriime.
Thirdly the %isible co mpression of 111 (lecri Cl myelI n Tilie staibl i ty iif the spine seen,ýisto be normal and at
mnay be comrpensated just nmiw but it is posstble that piogre~ssion i Ifthe illnecss through normnal duties sceiiis.
relatively minor changes of pressure cause a cessatioln Impriibable.
of local hI rod-flow that may lend to lmon ss uip to ai
full-bloiwit IBiown-S~quard syitdriimc. 8. Conclustion:

Since objective data are neccessay in thre priiecss iii
7.3: A 34 %cars mild Jel-lighter hackseater srcia In- acrnliiedical caluatintI n of spina~l nerve syndromes, it is

sytnsilice) complains (if seldonily and onlx under proposed that a basic test-batter uif necuropliysiological
sudden and unexpected g--stress o~ccoong! paraesthesiaoIl i tivti gtietions is, available. incl udi ng itsymsgraphy.
,lie left Idermiatomei C.6 (see Figure No. 3). neuiorogitphy and somaioscrisible evoked plmlet~iitls-.
T'he further interrogation reveals a spine-initiry III
195 Iihai was evaluated ats not relevant. The clintical 9I.Litertatire:
examinatton is completely normoal.
A MRI-toinography iif the cctvieal spine reveals Clsiappa K 11 (Editor); Es okcd Potetmoals in Clmisic~at
dcgnerttctions ol the intervertebial discs C46S and C5/6 Medmicne.2nd ed, 191,K) Raveis Press. New% York.
WLv0.1 iotProtrusiomns ;md a left-inediolateral proltrusion
of the disc C7[Th 1. Date E3 S. Ortega 11 R, Hlall K, Rakppapoit P.11:
Thse neurophysiologmeal investigation includes Silmatosenisoiry evoked resp(11lSCS to) de7rnitionaul
dermatorinal SEP of the dernsatoiinss CYI-9 thai shiiw stiimulaiion inl cervical spinal cord injured and nhirnial
completely noriss1al latei~ieis. sublects. (:In Electroencephaluigr (Unaited States), Jul
Diagnosis: Irritation of the leift root Co. I19M5, 19(3) p]44-54A.
Ei alaatioii: Lven though it is possible but
improbable that a 'prefixation' (Owmen et al. 1993) of' Dawson 1947a qtuoted in Stohir ct al, 1999.
tire rioit CH has taken place So that the protrusmioi ol
the inte'rvertbral disc C7flrh i will irritate tire rotot CS Hlopi 1-1 (Ch, Poeck K, Sclsliack IH: Neurologic ill
which in turn " tal'j then innervate an area conmminly Pr axis und Klinik, 2rid Ed. VolI 3. 11193 Georg Thieme
Innervated by root Ct, the findings of coimpletely Verlag, Stuttgart.
normal SEP make it orobable that the MRI-findmng
has nit cl inical relevance. Jorg J, I lielscher IL: Evoiertc Potentiale (\'EI, SUl1.
Since thte prostrusioin of the intervertebral disc was AEPI in Kltnik and Praxis. 19M4 Springer-Verlag.
aSvmpt[Omatic. \%e sawN no aeromedical relevance. Berlin.
either.

* ~Ktifii I1 A, Sedgwick E3 M: Evaluation of the
dvirmatornal sinnatosensory eviiked potentiial in tile



diagnosis of [tie lunibo-sacral rooit compression. J1
Scum!l Nearosorg Psychiatry (England), Sep 1987,

* 50( 9) p 1204-10).

Msaurer K, fm.wixzsch K, Stohir M: Evozierte
Potentiale AEP-VEP-SEP . 2nd Ed. IWO1 Ferdinand
Euke Verlag, Stuttgart.
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1 aliled Slates

1. INTRO UCTON~ J~~ iiplitail icrosroedical tand cliniecil tcsting lot aviators 's-ilk
SV'I. these Icob jineluded csrinin)aairters, Itlsaro~scops.

XapraeIitli~iellr ta~heulvd-id ISV IIi liacisttt111lain luin elthsl I loilter ilioiiitr iteslia. cetiocardiography. thatlliuim sesatig-
screened opiipnl~itiinS il ins Litt oii et ill iresaleitee ol'.112% raptty and eleetropltysiattigie studies to seNlde previiisl[-
Ill itild a matxittial trevikleae oiii I'D ola inriilne sereeninag titirecognitid pro vxcitattan, disordetrs itl the cotnduiteiot
eleeroecirdii'gritiis 12-81. 4.6-%~ on liilte aointitas 019I21 55sieniu or c ainreti sties (it' thle induced %VI' I etl-licai
Laid approoimte'i% 0t.6%

0 
ai tiectdiiilts 113j141- A review it eiilico/tet oants sle:re periatnoiel seleetiics. ill aviators scati

tIle clinical Iitcriaare ies euls halt aertiliatiii~laat:id Jcii. SV I to) diete tanniln Irten dantisnis- tiiil M6 swlici till
mnedical risks ]lot mas otrs v iii XVI irciiaiit inadetiiitutclY uiviol %rs eil diagnoises at WT nImie thani 35 yeatrs iild were
;sddrCNSed. tinig tetiii 110i11Mwt11i data Il aVItors with ',V I rerlitirei Iiit) hav this piiiedueili. As itaios co:t eseladei
is intited it) ;i sliiti soiciil 'cries hyý Mttilteiwsot aid loot flight duittis it' lies hid untderlyitng licon disease such
\'aisiat' (4) liii (Ati'lecd i011 isiotins lta 1.1 eairs oid as comini ry ,irters disease or' Isvitiii lie ioii ltiscas. Av'iatiirs,
Ioidiiji.n dciiili or emnitars events. smitliliiid a iii l s aitittll SVI. telthitill5. lepelitise

ettisodes )i*SV I' Ii lIaIse requiriltg tainttetnatnee medicatiass
I lie Aeronaediral Coi. stiltiatio Sersie (Ml S) is it cenitril- sieve iiit conisideriedt lir sreitsr. Sublseqitent MN S evaluatiitns
i/ed IUtiited States Air Force (Wi Ai) reteti ia centii isuc Wei i re jittitesi Ili intettioal tUd1iie ici esaliti Jotii 1t11iancStee
tetlaorats aevoitedleot es-lauaatios inl aviatotrs Ia duet nine ititeiatl tiedicine testitig.

their Ittness liii lying. [ lie ACS insmciltiated aistloiii s itli
SVI suitte 1 955. ]in 1973. lihe ACS dcveltlte it ttroloeal (adosslhiuselo eniupolints were ilelitest as anti tiedietlis,
lietlitiittii? restiiipt~iit if flying dittes inii tvittit5 xitlt XVI: sigifrticanitl cetits latI secre iucltely reloted Ii to a etssisle tit
setuisis socre grailcdil it selected lose terODC~itaeie it k ist. C sos XV. Iltese iticitided signts iir symtomituts i etardiaoe
We iMtoe eOiitttiitnc l ti triide clinicaljj lalltui ottil as iitins typitpcrlairon ste-l its stiddeti deatti. syituiote, titesyticipil
%is-ti XVI to insure thiai salivets [ilr XVI tleic teniuttitetude ;yttl~lptoniv it nitgitulil client % poultsitle toi XV'I. uuuies[Abiiiier
ionly in low, iticratticdial risk cases. dy~spiita artti signs or syttpatims oF clereiral ltpotlterltisioit

sacli is liglttlicadeduiess iur sistial chatnges suchltas tuitttelhiti
Alititighi uiicoiniitntit XV I ean plesmit satuileite switlh it visitat. lior this discussion. Itmoittdsittuiciflle stabsle SV I
presytioti c. sytteape iir suIiaCi1 ieth %611i isi l setttiulsY wsas anyi SV t ii t waiss utptuuti-c t re Iiiitat isis asioscioled
cittistritlt tiereults dtritig tlvittg dtities. Aviators seiti SV I wsthl tintdisthltiu ssmtiptouois suchi is palpitatitotns. Stistitued
iscie disquatailied Itisharietlls - acse tilseutthese risks. M-eriivat XV I Was ot- XV'I ii* tel U.- tiore tiuttiriteis dutroltisi.
stotteldards tiust lie eon-sset toe to itiusae illot USAF asiatars
are lac fe til stielt coniditiiots Ilutuesci. this eosiitrvatisec I tac niulysts vst' tertat tied iit ;i VAX\* 63201 tiutiilltise
tlt1plutttl hias discqialilid oanit Us.tss slttuitiati aviatlsuis selut Uulsiti a Matassta sttitetIitiesL eIIlte inaputu11gV uddue!Ssilag it

11a) lliter solifl' Ilsisti it' daita Itatd licci isailatlll Xltaruchase" 70t11 telalmt ionl iat ibse Staitistiea I oialysis ws~t
slitoaostrailag btltt certain ubteiset tad 1111 -acelpIttit lokw perfiritied usinag preipsaine miit ft,- %ýAS (l15 Itistilitte Litt a
icioiiitieicnl iisk. s/AX

0 
11/780t tttiicilitits~ti Rc' iise ritsk.s wise eculcnlatcrl

usitig adds riaius.
Wlhett evallitetitig all cvi itar swithi XVI. saivet outiltuiities
titlst dettaitine thie extentt ol aetituitfie del risk. [the level ii' 3. RdESULT.1S

r isk aucceptable liii cnittitiitiflhying ditties aind swhicht waiver
leslrietimint should lhe applied. Ithis piaper iriovides ouiit nciit 3.1 sSUS suid Follosw-up Datal
dutta. iqitired Ironiti tintusis sVitll] varitius SV'I preseoustotiui A titled otl 957 AIX ovaluaItittis anl 4111 s

42
X mien andti 2

protiles. to assist iii l that tist stratiticeatjiut. Withi these dualt. soiuiiici asviatars ss ilti XIM dlityisssc isei: re~viesed.
a safeb ictorti Ill lyving duities tarl those aviittir., wsithi Il1ctraerdiigtiaplite raeutgs a~ct avaiulable luir tesiess ill
acceptabily how levels .)t- tietntiedical i is. Catl lie ac1,ieved. 397 ats-itturs- lie 33 Imit g teuips is tolsese nit n~is iahle. tad

bieet previously urtesoe 'itd eanliistutee diniinig Imtri ACS
2. MElliol1) estlaltlmiuiis or it [lie vi liiio' s ise tul iirgtill I lie ;L ito irae

LIt Elie date (i1 the titles AC S vs tlatitllot Sr VI %isii
All A( S chsarts wiht reterrit ori tividentita ditigitives u- XV 1 411.3 1- 9.2 (mtent 40I3 + 9.2 ycets ittd swotmen 30.4 1 7.2
lie(twei Ant li955 antd Dec 199 I siere teviesseel. We delitied yearsl. A thial iil 274 (641%) asia tims received ontly iine ACSM
XV I Lits tlheee tor more coilseetiise tiiiivctirieiilar ectoist evaluatisuito itt he XV I. Qiestinjittatscs sire csttttplcele ill
seats at a hecart rlae equial to or eseceditug 1001 lievts/iiiutile 427 (99%) tsviatorts. Asviattirs swithi mitltiple AC S evaluations
We excladed aviatoirs swho tad titti al lltridlltieti (AF). utrittl itad a tilevit lUOlis-tp if 5.5 1, '4.1 (151)) - ctils. di:c mtediaii

tlitte IAI 1.)o musatthilooin ltrial tiielryarditt (MAI- cit tile ssas 4.2 y'ear!i atid lire tittge swas our toi 23 cunrs, Ilie ticiti

itnitial dysrhltlltiti. 1allaw-rtp wvils balinlette listil serial AlCS lallOW-itp. iaeitdittg (tlCtiestittttire dais, wits 11.4 ± 9.0
evaluatiotis aid respitnses to a detaited qpiistionnsuie mailed Va-eas. tilte iiivd illi soas 7.9 years oast the ratige was tnoittet 35
tot the eaviator. All respllilises sag~e-Cstitig ;att abnormtality seers y ears.
veriliesl Ity a [light sargesia/earliOliugisi Wlucti neCeCssar> u
sarvieuttg spoutse ort relati u provided itlsrniattitti. D~eath 3.2 SVT (Isinacterinlira
certilicate data pi-oviuded sauttleteiueel iitliariiatiiut. All I lie tatt~er ol XVT itis tar eachi asiator is gisens iti Figure
avinluirs consýidered tor sels-er coitpletnid act esteretive 1. Thece were 224 (92 .d asiatics aaii hind a siugle tuii ish
evaluiationithlit wats hosedl ttt current techinology. 1lihe ittitiail SV I 'Ilie hujgest SV I ditr ahti tar each aviattir is gis-en itt
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1  
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Aviators tvab unstable SVlI sustained SVT or recurrent runs H. Hiss. R.G. and Lacni. I.Y.. "Electrocardiographic
oli SVT should be reiferred for at complete ACS cialuation lFincdings is 122.043 lIndividuals'. C'irculation, 26, 1962.
The ACS evaluation will include at htistoty and phyaical. pp 947-61.
laboratory studies including thyroid flunction test' treadmill

tes t, Ioloier monitor :and cehocardiography. Asvcolors older 9 Hinkle, I T . Catter. S 1 . acid Stevens. M_.." lice
thani 35 years, will also receive at thalliumc scan and cardiac 1frequency of Asyniptoniatie I titurhanecs ot! Cardiac
flitoroscopy. Invasive studies will tit) longer be requinred Rhythm and Conduction in Middle-Aged Men., Am. J.
un rless clinically indicated. A single episode III nonsustaturd C~ardiul.. 24, 1969. pp 629-50.
SVl wvill not require ACS re-evaluation. ACS re-evaluiticin
every three years will be required for recurrent or sustacined I1I) Froeliecher. VI'.. I'ltottpson. AlJ.. Wolihuis; R.. lFuclts.
SVl . IR.. laulasek. IR.. Locigo. MR . Iriehwvasser. ill. and

Lancaster. MC, Angioprapltic Irinditigs ii,
I inr-strieted living duties w~ill be conisideredt tot aviators Asyniptutnatic Aireresctinec With Eilectrcicardiotgrapthic
wvith a sitngle episode tt stable acinstistained SVl or ai single Ahnstnialiries., An. 3- Cardiol.. 319. 1977, pp 32-38.
stable ep~isod: tif sustainedl SVi swithli notoiler disýqualifying
abnormality. Nonsustained uor sUslai3Cd SV I associated sill It I. Clarke. J .M.. I saittr. J.. Shelton. J.RI.. laylcir. S. ;and
niitral valve prolapse. sarcoid'csis, butidle branch blocks si etit Vniog, C .R.. "lihe Rhytlini ofl the Notintal I at11ia
other valvular heart diseases (exceplt artitti intsull'icieticyl I cart". Latiert. 2. 1976. lilt 5t18-512.
tiay resunte intrestrieted flyinp duties.

12. Ikotilcill. I )... ChIallin, C... (loit. S.C acid lrbv. I1C.
Nociltipl perfocrmance Ilyici duties wvill lie cotnsidered for "Arrtytltictias (tin Aniciulatitty klcctrceardiscgrap:t te
aviators svrill stable recurrentt sustaitted SV I vislt no oither Mitiitoritig is Womcein Wiclthout Alilitrett IHearts
disquohlyicig aitnonitality whlen the huittval betsweecn Itisease. Aiti- J. (ardioL.. .54. 19H4. ppI 582-15M6
sustaittel eveitis is threeri tit itire )-cars- Nocisustaitted SVIf
associated critc minimuical citrniticaix rterv disease. setntricuilar 13. Mcelneiry. PI-.. Riseli. C .. Joirdani. 3.W. anid C cis i.

taclci cardn ita or otic itst citcy Itdt a Sincgle smasltiied It.RI.. "Cardiac Arrityiltitias & ibsersed Di ning Max thu
1

episode oit SVl assoiateaed with s etrricultir tacliveardia tic Iricadmti II Exercise lestitig in Clittically Nortital Niclet.
aoinc cctsuflicieutcý itay alsc lie retarned ion stitiigli Ati. J.- Cardiol . 21), 1972. lilt 33 It -13.
pertbornactte tliving duties.

1 -t. Bteartd. iF. .- atid OwSsen. L'.A . C ardicic At rlvthctinu.
liCIttaisIct~ di 5510 lleutioCtU1 will lie eoitditcdud foir aviators D uritng Exercise Iestitig tin I leultltl Mcci". Acmo. Med:t..
wvithliculttidvcauittiallv ittstaible MV I. ltecici lstcactcieallv 44(3 . I1973. pp 286-289.
stablet reetirrent sustaicced SVl i lieui lic interval htiscei~ce
sostaiteCl eVeicts IS less t101i1 three seCars. as1s SVT cNitli PIC- I5. SAS Intstitutie [itc.. SAS" litocedtiesI0 aUisle. Versiont 6.
excitaticon acid sastaitted S\' I ivitl gradable eooanititi atler Ilfird Edition. CaiN NCI' SA\S tistilue [iti: . 1990)t. ppi
disease. 7t5.

lit srttcttatx. earelulls- selected aviators Wivit SVF ccas lie
rctutited sailt-I tut Ilviipg duties. licise aviators with certain

tunderlyinig pailtilogic: dticgtiites, ltcntutdvctatici ict~stabililv.
frequenst T"teeTest sustacinedt V I cud jcre-escilattitc
sy-tdrnicct represetnt aI higher occupa~ttionaul risk acid
dfisqtialilicatiiiu Sholtcld lie eCtiusceced.
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lI1F AERORIEDICAI. RISK ASSOCIATIED WITH ASYMPTOMATIC
CHOi.iEITHIASIS IN 11SAF PILOTS AND NAVIGATORS

G.W. Saboe
J.V!1 Slauson

R. Johnson
T.H. LoecLker

Clinical Sciences Division
Aer~ospace Medicine Directorate

'\rmstrong Laboratory
"..ý7 Kennedy Circle

13,ooks AFB. Texas 78235-5 117
United States of America

SUMMARY syrnptniatology at some timr.L dluring 1994.
H-owever, if' every Pilot and navigator flew

The USA F aeromedical policy regarrdingt i ci- 200( to 1,1000 HIyinig hours during 1994. 0.1I
dentally discovered. asymptornatie choleirthia- to (1.6 individuals. or essentially none. would
sis requires tije aircrew to under-go- cholecys- be predicted to experience acute symptomis
tectonhy prior to being considered lor- return in related to gallstones inflight. The natural
flying duties. The merit of continuing this history 01 cholel ithiasis in US AF pilots and
USAF policy wws evaluated at the, request of navigatoi-s is more favorable than suggested
the USAF SurL'enn General. fruiew of' the by the clinical literature. The inllight risk of
medical literature predicted a 111 to 4%h annual experiencing acute symptomrs associated
event rate of acute cholecystitis in individuals with previously asymptomatic clrolelithiasis
with previous asymptomnatic cholelithiasis. is essentially nonexistent in USAF aircrew.
The prevalence of asymptornatc cholelithiasis
in USAF pilots aind navigators was dterniined I NTR0D U CTI ON
to be 2% to 37r. based on data acquired at the
Ellingson Aerospace Medicine Consultatioa Infrequently, USAF aircrew have p~resented
Service (ACS). Of 11.685 pilots and naviga- with asymiptomatie cholelithiasis dur11int' mci-
tors evaluated at the ACS, ((.7%h (n =80) were dental diagnostic testing,. Historically. thecse
diagnosed with clrolelithiasis or previous cho- aviators have been grounded tuntil an occu-
lecystectomy. Between 1972 to 1992, 10.232 pational cholecystectomy has bee-n per-
roan-years of' pilot and navigator exposure to fornied. Grounding was based on a per-
asyniptofllatic cholelithiasis was estimated to ceived excessive risk for developing acute
have occurred. however. only 5t0 cases wvith a symptornatology wh-le intlight. Potential
diagnosis of' cholecystecbomny or cholelitlrrasis co)mplications included severe biliar" colic.
were reported in the USAF Surgeon General acute cholecystitis, acute pancreatitis. corm-
waiver file. Mortality and morbidity associat- mon duct obstruction, ascending clholangids.
ed with cli cystectomy by either open ort gallbladdee cancer, and gallstorte ileus. C'l"r)-
laparoscopre techniqtue were reported as 01.2%/ lelithiasis could also present with less severe
and 51/.o respectively. Using 1994 USAF pilot or acute symptoms that might not have been

and navigator manpower data and the worse suddenly incapacitating. but could effectcaescenario of a 0.7% occurrence for the mission completion and readiness. The orer-
onset of acute Symptoms associated with previ- it of continuing the USAF policy for
ously asymptornatic cholelithiasis. up to five grounding aircrew with asymptormatic elm-

aircrew wtould be expected to experience acute 1, lithiasis until a cholecystectomy had been

L i ~Presented ar a .SYnposium n r,, Te Clinical Basisfar Aeroynedical Decision Making,. April 1994.
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performed was evaluated at the request of the RESUILTS
USAF Surgeon General. The objectives of
this study were: 1) to determine the long term A medical literature review of the natural
outcome of USAF pilots and navigators who history of cholelithiasis predicted a 1% to
had asymptomatic cholelithiasi,;x 2) to deter- 4% annual event rate of acute symptornatol-
mine the prevalence of asymptomatic choleli- ogy associated with asymptomatic gallstones
thiasis in USAF pilots and navigators; and 3) in the adult general population (1-9). Cor-
to evaluate the risk associated with occupation- relating the findings of these studies to the
al cholecystectomy for asymptomatic choleli- USAF pilot and navigator poipulation was
thiasis versus the aeromedical risk for flying difficult. becau:- of the age, increased fe-
safety and mission completion. The study was male:male ratio, and heterogeneity Of the
retrospective, and the setting involved all study populations. These studies also gener-
evaluces who had had evaluations at the ally did not clearly separate the patients with
Ellingson Ae.'ospace Medicine Consultation severe, acute incapacitating symptonis from
Service (ACS) at Brooks AFB, T, xas. during those with more slowly progressive .yimp-
the period 1955 to 1992. The ACS is a cen- toms. Finally somne of these studies reported
tralized USAF referral center which performs on both patients who were symnptornatic and
aemnmedical evaluations for aviators to deter- asyrnptonmatic at haseline without separating
mine their fitness for flying duties, the two groups in their findings (1.3). Ran-

sohoff, et al. (6,7) reviewed tile above sttud-
METHtODS ies and several others to arrive at the recoin-

mendation ('f expectant managemenit of
The methodology used included: I) a medical asymptoniaic galistones based on projected
literature review regarding the natural history risk of death and loss of life expectancy.
of cholelithiasis in the general population; 2) They concluded, "expectant management...
a review of the ACS data file from 1955 applies to men and woo i of all ages...
through 1992 for all USAF pilots and naviga- until a perfectly sate. - ective. ,:onvenient
tors who were evaluated and assigned a diag- and inexpensive tre:,tment is developed."
nosis o(f cholelithiasis or cholecystectoruy: 3) Possible exceptions t.) this universal rule
a review of the USAF Surgeon General air- apply only to the foll)wing groups: chil-
crew w:aiver file from 1972 through 1992 for dren, New World Indians. patients with cal-
all USAF pilots and navigators who were as- cified gallbladders on radiogral, hic studies.
signed a diagnosis of cholelithiasis, cholecys- patients with Sickle Cell Disease, and pa-
tectonmy. or a related condition; 4) USAF pilot tients with large (greater than 3 cm) gall-
and navigator annual manpower data were ob- stones (7,8). Children were reported to uni-
tained from the USAF Military Personnel C(en- versally become symptomnaLic (8). New
ter for the period 1972 through 1992 .uid used World Indians and patients with large stones
as the denominator in calculations involving or calcifie", gallbladders are reported to have
the USAF Surgeon General aircrew waiver an increased incidence of gallbladder cancer
file; 5) all USAF aircrew evaluated at the (7) Patients with Sickle Cell Di'ease have
ACS underwent screening KUB abdomen ra- attacks of abdominal pain which can mimic
diographs. which were reviewed for presence acute cholecystitis and emergency cholecys-
of radiopaque gallstones over a 7-year peniod tectomy is reportedly much more dangerous
from 1986 through 1992; and 6) surgical mor-- t.an an elective procedure in this group (8).
bidity and mortality associated with the thera- Interestingly, patients with diabetes mellitus.
peutic options for clolelithiasis were reviewed traditionally indicated for removal of as: rmp-
with the Division of Surgery at Wilford Hall tomatic stones, were now felt candidates for
Medical Center (WHMC), Lackland AFB, expectant management. This change wts
Texas. for the management of cholelithiasis. due to their higher morbidity and mortality,
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because of corcotmitant medical problems. cholelithiasis and approximately 20% by 20
during even elective cholecysiectomy (8). years. Almost all patients will experience

symptoms for a period of time before they
From an aeromedical perspective aircrew develop a complication (9). It is estimated
members (unless of New World Indian heri- that 301% to 50% of population who have
tage) probably fall within the universal guide- gallstones are truly asymptomatic. The oth-
lines of expectant management of iisymptomat- er 40% to 65% of the population with gall-
ic cholelithiasis because the other medical stones, however, manifest recurrent symp-
conditions li.'ted above should be disqualifying tomr, of chronic cholelithiasis as frequently
for flying duties. as daily or as seldom as once every few

years. These previously aUsymptomnatic pen-
Gallstones are classified into two principal pie were not identified as having an initial
types: cholesterol and pigmen'.. Cholesterol period of' increased risk or an identifiable
gallstones account for 75%yo oft gallstones found "honeynin period."
in the United States of America (USA) popula
tion and populations of EuropCan descent. Of the 3.45 1 KU B iadiographs taken of the
Greater than 1)0% 1nl cholesterol gallstones are abdomen at the ACS, from 1986 through
radiolucent. Pigment gallstotes account for 1992. 16 cases of radiopaque gallstones
about 25% of gallstones and are composed of were found. The calculated occurrence rate
two types. The black pigment gallstoies usu- was 0.46% (16/3.451 = t0.00)46), Based on
ally are associated with old age or individuals the literature value that approximately 15%
who I•..- had rapid weight loss associated to 20% of gallstones are radiopaque. an esti-
wit], ioness. The brown pigmnent galIs tones mated 2% t) .3% (01.0046/0.15 1 01.031 and
are more coot imi in the orient, however, the 0.t)1146/11.2 = 0.023) prevalencc of gallsltones
incidence decreases with the Westernization of within the USAF pilot and navigator poptila-
culture and diet. They are also found in indi- tion was derived.
viduals who have had an infection of the bili-
ary system. Overall. approximately 15% and The ACS data file for the 37-yea; period
20% of all gallstones are radiolpaque, from 1955 through August 1992 had 11,685

pilots and navigators megistered. The age
The prevalence of cthtlesterol gallstones in the range was from 24 to 61 years. the mode
USA general population has heen reported as was 43 years. and the mtean was 42 years.
hight as 17%. There is up tot a 3.1 female to There were 35 female evaluees represented:
inale ratio after puberty related to estroge n their age ranged front 24 to 3K" years; the
which diminishes after inenopause. The inci- first female evaluation occurred in 198(0.
dence within some populations as mentitned, Eighty male evaluees had been diagnosed
such as American Indians. is far greater than with either chtlelithiasis or cholecystectony
whites, whose incidence is greater than blacks, for a calculated occunrence of 01.7%
with an estntated 75% of American Indian (80/11,685 = (1.007).
wormen over the age of 25 being affected. On
autopsy in the United States, 20% of the 75- The USAF Surgeon General aircrew waiver
year-old men and 35% of 75-year-otld wonlen file for the 21-year period 1972 through
were found to have gallstones on aulupsy. August 1992 had 50 cases registered whtt
Gallstones tend to grow for the first two to had been assigned the diagnisis of cthole-
three years. at which point growth tends to lithiasis, cholecystectomny, tr" a related con-
stabilize; 85% of all gallstmoes are less than 2 dition. USAF pilot and navigator manpower
cm in diameter (9). Existing data indicate mat data from the USAF Military Pcrsoniel Cen-
10% of patients will develop symptoms in the ter showed that during that period the nium-
first live years after diagnosis of asymptomati,: ben of USAF pilnt3 and navigators on active
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duty ranged from 53.727 in 1972 to 26,678 in morbidity is less than 5% for the procedure.

1992. the metn number was 38.647 aircrew 3) A new procedure, first performoed in
per year. A total of 811.589 man-years of ex- 1988, is the laparoscopic chtolecystectomy
piisure to all conditions occurred during the which again is curative of the problem, re-
period documented by the waiver file. moving gallstones and gallbladder. Typical-
Using the previously calculated 2% to 3% pre- ly only a I- to 2-day hospital stay is le-
valence detemlined for asymptonnatic gall- quired. far less post-operative pain is felt
stones within the USAF pilot and navigator and a return to duty occurs in I- to 2-weeks
population, a predicted 16.232 to 24.348 as compared to the open technique. With
(811.589 x 0.02 = 16.232 and 81 .589 x 0.03 both procedures, a return to flying status
= 24.348) man-years of exposure to gallstones occurs in typically eight weeks. 4) Other
would have occurred during tile pe lrid 1972 therapeutic Optio1ns .Much as dilutitonal therapy
through 1992. 1lowever. within the waiver file and lithotripsy are not recormmended for
only 51) cases had been reported and 15 ofl :ticrew because of their highly variable re-
these cases were incidentally detected and sponlse accompanied with frequent reCer--
reported as asyniptonmatic. From the general iclne of gallstones (9).
population estimates that I 1Y, to 41'7 of people
with asymptomatic gallstones will have acute DISCUSSION
symptoms each year. 102 to 1974 (16.232 x
0.()1 = 1(2 and 24.348 x t).(t4 = 974) episodcs Using pilot and navigator manpower data
of acute symptoms would have been predicted estimates for fiscal year 1994. 22.275 pilots
to have occurred within this g rotp 1f aircrew, and navigators will be on active LIduty. With
This suggests that symptomatic clilelithiasis it 2% to 391- prevalence of asymplonlatic
has occurred tar less frequently ill our pilots gallstones occurring iii these USAF aircrevw.
and navigators theni the general medical litera- 446 to 668 ofl them wU Id be expected to
tWne value would lhavc predicted. The annual have asymptomatic gallstones. Of these
occunelcle of acute sympftom.s for USAF pilots aircrew. 15% to 201% would be expected to
and navieators was calculated to be t. I% It) have radiopaque gallstones. which woild
0.2% 1 e.g.. 35 aircrew found to be symptomat- mepresent 67 to 134 aircrew. With i. 0.1'r7 to
ic iir who had tindel'rgoe Chlolecystec tonly for" 0.7% per arttnum l t'rc Uieilce of onse t of" so-
presullled ,symlptomts occullrilng out of 1 6,232 s'ere symptoms in aircrew with asymptomat-
(2%) to 24.348 (3%) man-years of exposure to ic gallstones. 0 to 5 aircrew would be Cx-
asyvtlnoniatic gallstines - 0.t)02 to 0(1.01 toc- pee ted to be:ome acutely symptomatic. If
curremice. r-espectivelyl. all of the aimrCew were screened using ullra-

sonography alid alter a hypOt•ltetical maxi-
Clinical management optiins from the Divi- ium oa t 688 cases had been identified alL oc-
situn of Surgery at WHI MC were: 1) Cholecys- cupational cholecystcctonmy were perlorlted.
tittimy. which only removes tile gallstone(s) 25 would be expected to have comnplications
from the gallbladder. Since the majority of and one would be expected to die out of' 51111
these patients would have a recurrenct within surgical cases.
five years. this was not considered an appro-
priate procedure for aircrew. 21 Open chlle- The risk olf a USAF pilot or navigator with
cystectomy. which had in thn past been the asymptomatic cholelithiasis experiencing an
gold standard for the treatment of gallstones. acute onset of gallstone-related sylmptomn-
It is curative of' the problem since it iremotes atwlogy inflight is estimated tI be Ceisider-
the gallbladder. as well as the stone. The pi'L- ably less. Agaii. using tlhe 1994 aircrew
cedure is associatcd with a 3- to 5-day hospital manpower data and the worse case of a
stay and four weeks of post-operative 0.7% occurrence for the onset of acute
painldisability. The mortality is 0).2% and symptoms associated with previtously asymp-
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t~tillatli. clho lM ithliaSiS ,uLp to tivye aii Crcw would sentiially n oneCx istent ;tn (2 AF I ircr w. 'liIi
be expected to experience actite syniptutniatolo- surg1ical 1morbidity anld mortality risk is g~reater
g'y at sonme th me during 1 994. H owevyer. it' than the flying sti ety/m issiom cornpleition riisk
evey aircrew flew and was exposed to 200( to for UISAF aireCrew with asymptomnatic choleli -
I,0 ~t~ftlyinlg hour11S dutlilg 19,94 (figure 1). 0I. 1 thilasis. Consideri ng the essentially nonexistent
to (1.6 ificdi Vidualls. or at 110I. Ost oe. Wotld be in tleligt risk and the coninpaiabi y significant
predicted to experience acute symptomis related Sturg14cal1 risk. occ upatlonial cholecysteetoimy
ito gailIstones inl flight. would 11t bt e inidiCalted for JUSAF pilot aod

Discussion
EFotal Force Annual Risk of Inflight

Acute Symptoms Related to Cholelithiasis
(1994 estimate)

aircrew
6 0-5 aCu~te symptomrs

- 5 22,275 pilots and nays X 0.03 - 68 estimated at risk

668 X 8,760 hours/year - b,851.680 man-hours per year

~ :668 X 0.7% worst case occurrence acute symptomis
5 acute symptomis

* 2

1 I 0-0.6 0-0.300.

Annual Risk 1000 600 200
Flying Hours Flying Hours Flying Hours

Figure 1 - Predicted Annual Inflight Episodes Per
Total Annual Flying Hours (1994)

CO N CLU.ISI ON n avigator ri~sk nodification inl this subset at,

The natural history at chutlelithlia~ses ill U SAF
pil ots and nia i gah irs is Itt ore tavo nab Ic th ati R I I NC
suggested by cliii al Ii ciatire . The predol~it 1. We-ct .:dRbrsn .
nate ly young male U S Al ai rcrew po puaIati on WTe Ntukral A tid Cobe Galson.ei.
would be expected to hace a lower- pre'valen)c Di[hae: Naurlev a Course of 1 7allton
of clinic 11th ias is than the geciteaI ll ppl atiutti. Disloerae ase: s".ee - G'asr i vew ol 7
The overall incidence of acute chiolecysti ti s oy 50. 3.te eases'' Gastr ip 37teo 1.
withini USAF airerew wituld probably not be oy.(..Mrh196 p363
changed by anita ted ica I cliolecystek-to my be- 2. (rieWAanRitlof 1'.
iug perfomnied oil inicidenital ly detected asymi- 'The Naturial History ot Silent Gall-
pititiatic cholehlthiasis. Thbe inlt-l iii risk oi- ytns h noetGlsoei o
experiencing ac~ute symlptomls assoiaeited with) stonesythNew InoEnt. Gallsoned. is07.

i-VioLsI ly asymloniitoatic chl tle ithiasis is es- MyhNw n.J.oMe.317
13. 1982. pp 78Sl)
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CLINICAL BASIS FOR AEROKEDICAL DECISIONS IN AIRCREW HIV POSITIVE

Capt. Jose A. Azofra, Maj. Francisco Rios, Maj. Juan J. Canton,
Maj. Patrick P. Miles. Capt. Carlos Velasco and Capt. V.Velamazin

C.I.M.A. Arturo Soria 82. 28027 Madrid. SPAIN
Torrejon AB. Medical Aid Station. Madrid. SPAIN

capability manifested by the
INTRODUCTION CD4 lynmphocyte subset being

less than 200 pl (3).
During the 1980's, HIV
infection emerged as a leading Individuals with such a
cause of death all over the profound immune system deficit
world. will not be flying, making the
At present, WHO estimates that classically described ADC a
13 million nien, women and nonfactor with regards to the
children have been infected potential of adversely
with HIV. Each day, an affecting the performance of
estimated five thousand people flying duties.
are newly infected. By the year However asymptomatic
2000 forty million people may seropositive individuals might
be carrying the virus (1). be on some type of flying
Obviously, we cannot separate status depending on a
such a global medical problem particular Air Force's policy
from the context of the flying of waiver elegibiliry,
community.

Many studies have been done in
From an aeromedical point of order to evaluate any kind of
view HIV infection presents cognitive impairment in
multiple concerns. Perhaps the otherwise healthy HIV infected
most important aspect is the individuals. The current
Neurological Symdrome , which literature was summarized by
c a n c a u s e s u d d e n the American Academy of
incapacitation. Neurology, who concluded that
A variety of neurological "at present there is no
complications may appear at any evidence for an increase of
time in the disease process, clinically significant
affecting 75 to 90% of HIV neuropsychiatric abnormalities
positive individuals (2). in CDC Group II or Group III
Perhaps the most dreaded and HIV-I seropositive (i.e.
frightful entity is the "AIDS otherwise asymptomatic)
Dementia Complex (ADC)". The individuals as compared to HIV-
initial manifestations of ADC 1 seronegative controls" (4).
ire subtle and typical of a
subcortical dementia with
subacute evolution. It is HIV SCREENING AND THE AIRCREW.
unusual to develop ADC during
the initial stages of the The policy of other nations
disease, as it seems related to (i.e. USA) of mandatory HIV
the loss of immunologic antibody testing in the

Presented at a Svmposlum on The Clinical Basis for Aeromnedical Decisiun Making', April 1994.
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military is based on the Force (SAF) is to test all
concern about world wide candidates for aircrew duties
deployment with limited medical and any other personnel that
resources, use of a attenuated could be included in the risk
live virus inmunizations, and population once interviewed
the concept of the walking through their physical exam.
blood bank (5).

2. Every candidate for aircrew
Before the policy of universal duties confirmed HIV positive
screening can be implemented, is rejected.
some important points must be
addressed: 3. If an aircrewmember is

confirmed HIV positive in a
i. It is important to periodic physical examination,
distinguish screening an the aeromedical disposition is
asymptomatic, low risk to ground the flyer and to
population from diagnostic HIV start the necessary studies in
testing in symptomatic patients order to assess the actual
who may have AIDS or screening state of disease progression.
members of high risk groups. In Evaluation includes complete
1nw prevalcnce areas a medical history, full physical
substantial proportion of exam, a CBC, biochemistry,
positive tests will be falsely urinalysis, Chest X Ray,
positive. The joint false Mantoux (5 PPD), Hepatitis B &
positive rate of the ELISA and C, Syphilis, Toxoplasma and
the Western blot tests when Leishmania serologies, CD4 and
performed in series has been CD8 (absolute and percentage
estimated to be as high as values), cutaneous immunity
1/1250. it is imposible to test, P24 Antigen, anti -env,
estimate the economic and anti gag antibodies test.
social impact of erroneously
informing patients that they 4. We consider that there is no
have antibodies against HIV. discussion when the subject is
Two confirmatory Western blot symptomatic or when the
tests, rather than one, and surrogate markers of
rigorous quality control progression of the disease
measures in the laboratory will indicate that some form of
reduce this figure to an treatment is needed. Those
acceptable 1/15b187 (6). individuals with any signs of

advance in the disease process
2. A comprehensive program of are uniformly and permanently
medical and social support for grounded. However the
invididuals confirmed to be HIV aeromedical disposition is
positive must be established under full discussion when the
before the mandatory testing subject is asymptomatic and
should be undertaken. This way CD4>500 Il.
physicians and their test will
not appear as merely "Hunters" 5. In the context of the SAF,
of the seropositive. our opinion is that close

follow-up, including
neuropsychological assesment,

SEROPOSITIVE CANDIDATES/FLYERS necessary imaging techniques
and evaluation of the surrogate

1. Policy of the Spanish Air markers every three to six
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months will allow us to answers to this questions will
maintain the certification of become increasingly more
asymptomatic HIV positive important.
individuals with specific
restrictions considered on
a"case by case" basis. BIBLICXIIAPHY
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COLOR VISION ISSUES IN MODERIN MILITARY AVIATION
Alternate Title: "THE SEARCH FOR THE ABOMINABLE CONEMAN"
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Brooks AFB, Texas, USA 78235-5301

SUMMARY FM Farnsworth--Munsell
CTT color threshold tester

Visual information provided to FALANT Farnsworth Lantern
the modern military aircrew mem- R/g red/green
ber accounts for the preponder- B/Y blue/yellow
ance of data contributing to VASI Visual Approach Slope
situational awareness. Although Indicator
long recognized as a critical FLIT fighter lead-in
factor in aviation, as a result training
of advancing technological USAF United Stated Air Force
developments, color vision is UPT undergraduate pilot
emerging as an ever-increasing training
critical requirement in modern
and future cockpits. Despite I. INTRODUCTION
thaL premise, the modern battle-
field is characterized by a vast The modern combat arena is a
array of technological weaponry multifaceted sophisticated
that increases the threat to techno-extravaganrza. Scien-
the visual system and dictates tific development of complex
effective countermeasures that weapon systems has advanced
compromise visual performance almost exponentially. These
in general and color perception lethal gizmos produce a
in specific. This paper will kaleidoscopic universe of
review the aeromedical basis of electronic symboiogy and
color testing developments and information, primarily focused
issues that effect aeromedical at the hunan elemunt cradled
decisions in color standards and within the system. Laser
performance as they relate to technology exploits suscepti-
the modern military aircrew bilities, of that human system.
member. It will include an Defensive mechanisms, selected
update on color vision issues to protect and optimize the
raised by protective equipment human interface use selective
such as selective waveband waveband filters, themselves
filters that include sunglass inducing additionlal visual
materials and laser protective handicaps. The modern cockpit
eyewear/visors. Color-related has evolved into a montage of
aircraft accident issues will colored symbology and cues pre-
be addressed. sented ii a visual blitzkrieg

under task-saturated and hos-
LIST Or ACRONYMS tile conditions. At no other

time in the history of aviation
LEP laser eye protection has any facet of the visual
SAM School of Aerospace system been more challenged

Medicine than color discrimination is
AO American Optical today. Engineers design mnulti-
PIP pseudoisochromatic colored displays hoping to
plates facilitate information transfer

Presenied at a Sy.hip.wun fn mI'The Clinical Ilasis/hor Aeroinjelical Decisioni Making. Ap-il J194. * -- " •"



between the aircraft and its coming planes, while the planes
master, but often paradoxically carry a red light on the port
exceed physiological realities, side and green light on the
The si-akes ar,', indeed, high; starboard side." This descrip-
survivability and mission tion is part of a paragraph
completeness essential, politi- taken from Aviation Medicine in
cal sensitivities, keen. the A. E. F., from the chapter

"The Eye in Aviation", written
This paper addresses relevant in 1919 by Col W. H. Wilmer and
color issues in the modern cock- Maj Conrad Behrens (1) . It
pit environment of today and contains much that is still
tomorrow. Can we continue to importznt in flying aircraft
expect pilots harvested trom the today. During WW I, medical
normal population to visually examiners felt that color
cope, survive, and optimally vision testing was an important
couple with weapon systems that part of the physical exami-
rely so heavily on color-based nation of applicants for the
cues and which are then pare- aviation section of the Signal
doxically degraded further by Corps. Testing for color defi-
vir-tue of required protective ciencies was done by the
equipment? One question emerges Jennings Self-Recording Color
that impacts on aoromedical Test. Instructions were given
decision-making today and in the that stated that if a Jennings
future: Does "Superconoman" test was not available, the
exist, do we need him, and medical officer should select a
should we, as aeromedical skein of any shade of red or
consul tants, embark on a journey green worsted and have the can-
in search of an "Abominable, didate select in separate piles
Coneman"? all skeins containing red or

green. If confusion was still
It is appropriate to review the present, colored lights at 20
historical role of color vision feet should be used as a test
in aviation and the selection before rejecting a candidate
standards that for 75 years have (2). It is evident that, even
governud our approach to avia- at the very onset, there were
tion color vision issues. colkr vision testing problems.

Between WW I and the onset of
II. HISTORY OF COLOR VISION WW II, the SAM Department of
STANDARDS IN THE U.S. AIR FORCE Ophthalmology at Randolph

Field. Texas, carried out a
We begin by recalling a pro- series of tests to detect color
found historical statement: blindness. Experimentation was
"The proper recognition of color carried on with Holmgren
plays an impu,•t•nt part in the skeins, the Jennings Self-
success of all flyers. Uri tne Recording Test, Stillings' PIP
maps generally used by obser- and Williams' Lantern Test. It
vers, the woods are green, was recommended in 1935 that
rivers are blue, roads a-e yel the Ishihara Test be adopted
low, railroads are black, and for color vision testing of
towns are brown. Skyrockets aviation candidates (3) . When
with a parachute are white, red the Ishihara test was first
and green, and cartridges--with included in the examination,
and without parachutes--are of those who failed were rejected,
similar colors. Bengal flares, but by 1.940, several other
which are used in woods and tests, such as the Stillings'
heavy underbrush, are red and PIP, Holmgren yarn matching and
white. Aerodromes use red and lantern tests, were also used
green or white lights for home- to examine thp extent of color
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blindness (4). The authorized service in 1947 and culminated
tests for central color vision in the assembling of the AQ 15-
in 1941 were the Ishihara or Olate Test (14 test plates and
Stillings' PIP and Holmgren 1 demonstration plate) in 1951.
skein of yarn. This set was adopted in 1953 as

the USAF official color vision
During WW II, a large number of screening test. It's still
studies on color vision were used today except that in 1985,
performed at the Army Air Corps the AO plates were purchased by
SAM at Randolph Field. Most of the Richmond Company and are
these were accomplished under now known as Richmond plates.
the direction of Louise L. Dvorine color plates could also
Sloan, Ph.D. At the time these be used in place of the AO
studies were initiated in 1942, plates. The Dvorine plates
four tests of color vision were were printed in two volumes in
authorized for use by the U.S. 1944. The second edition,
Ar-my Air Corps. There were two published in 1953 under the
basic tests--the Ishihara PIP title "Dvorine Pseudoisochro-
(8th ed.) and the AO PIP--and matic Plates", also had 14
two adjunct tests--the Holmyren diagnostic plates 'Ind 1 demon-
wool test and SAM lantern test. stration plate. These plates
Ability to pass the adjunct are still used; however, they
tests was used to qualify are no longer being manufac-
candidates as "color safe" under tured (6). Today the only
certain conditions. Regulations testing charts are the Richmond
were rather vague; consequently, PIP.
it was left to t' individual
examiner to select a testing From 1959 through 1984, the AO
device and method of scoring to and Dvorine 15-Plate Tests were
distinguish between those who used interchangeably and were
did and did not meet this cri- the first tests administered
teflon. Between 1942 and 1945, for aviation candidates. The
numerous tests were investigated causes for rejection were 5 or
at Randolph Field, such as the more incorrect responses on
AD PIP, Pabkin polychromatic either set of plates. However,
plates, SAM anomaloscope, Rand a test failure using the plates
anomaloscope (Bausch and Lomb), required testing by the SAM
Intrasociety Color Console CTT. The CTT had 64 presenta-
(ISCC), Single Judgment Test, tions; a score of 50 or better
Eastman Hue Discrimination Test, was passing (7) . The USAF
FM 100-Hue Test, Terrain Test, followed the example of the
and Peckman Vision Test. Also, U.S. Navy, allowing mildly
a major effort was put forth in color-defectives to enter
testing a number of lanterns; flying training. The U.S. Navy
the Canadian Lantern and SAM CTT had used the FALANT to accom-
were the major efforts. The sum p.ish the same thing.
of these investigations was
that, in 1943, the AO Abridged In 1988, the SAM CTT was
Set of PIP was selected as the removed from the inventory and
most suitable basic test. This the I'ALAN'T? was substituted for
abridged version was composed of the CTT. An aviation candidate
17 tests and 2 demonstration who fails the Richmond PIP may
plates. Of the quantitative still qualify if he passes the
tests investigated, the SAM CTT FALANT. Table 1 shows a
was rated the most satisfactory chronological listing of the
to classify flying personnel color vision qualifying tests
(5). These tests continued when used by the U.S. Army Air Corps
the USAF became a separate and the USAF (8)
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DATE TESTS pated, or perhaps color vision
1918 Jennings' Self-Recording is not as critical as thought.

Cclor Test Can these same screening
1935 Ishihara PIP methodologies continue to
1941 Ishihara or Stillings' ensure the safety of our

PIP aircrews and mission completion
1942 Ishihara-AO PIP in a color-complicated future?
1943 AO PIP test (17 test Also, there remain considerable

plates, 2 demonstration unknowns with respect to causa-
plates) SAM CTT (quanti- tive factors of aircraft acci-
tative test developed) dents and, in the case of ret-

1953 AD Isochromatic Plate rospective database searches,
Test (14 test plates, often there is no stipulation
1 demonstration plate) that specifically requires

1959 Dvorine PIP (14 test color-vision-related data
plates, I demonstration storage (USAF). We would like
plate) to present examples where color

1959-84 AG and Dvorine for deficiencies are known to have
*FC I and IA - SAM CTT played a significant role,
if plates failed either in task complication, a

1985 Richmond plates near mishap, or an aircraft
replaced AG PIP tor accident, each provoking a
FC I arid IA different thought regarding

1988 SAM CTT replaced by current policy.
FALANT; pas:;ing the
FALAflT after PIP Exomnitcs
failure qual Lties for
FC I, 1A and I1 I. A 24--year-uld A-10 pilot

with 350 total flying hours was
*FC I and IA - pilot (1) and grounded without waiver after

navigator (IA) applicants evaluation revealed the follow-
ing data. He failed the FALANT

Thus, this testing methoaology but passed the CTT on initial
is designed to allow all tri-- entry physical exam at the Air
chromats and mild anomalous Force Academy (AFA) . On two
trichromats (R/G) to fly. More reevaluations at the examinee's
severe anomalous trichromats request, he failed the CTT. He
{R/G) and dichromats are not failed the PIP (4/14 correct)
allowed to fly. B/Y assessment and FALANT on 2 of 3 trials
is not performed. Can we con- during his commissioning physi-
tinue to support existing stand- cal exam prior to graduating
ards, or has the time come for from the AFA. However, records
us to employ a more rigid indicated that he was qualified
approach to reduce the impact of for and entered UPT. The pilot
color vision deficits in future repoLLed that during UP'r he
aviators? A review of modern- could never use the VASI lights
era military and civilian on landing approach because he
aircraft operations reveals that could not discriminate between
there have been, and continues the different color presenta-
to be, color-related factors tioxis (red/red = glideslope too
that aggravate, compromise, and low; white/white = glideslope
complicate flight operations. too high; red/white = correct
In some cases, aircraft have glideslope, Otherwise, neither
been lost. Surprisingly, these he nor his instructors reported
incidents have been few. It is any difficulties during UPT.
highly probable that current He went on to FLIT and flew the
color-screening methods have T-38. On one flight, a group
been as effective as antici- of tan-colored coyotes crossing

I.L
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the runway were unobserved by standard PIP and FALANT tests.
the r.ilot and his instructor His defect was regarded to be
pilot took the aimcraft controls operationally significant,
to avoid striking the animals, however, because current color-
The pilot completed FLIT with no enhanced radar useL; B/Y
other difficulties. He then symbology.
began training in the A-10.
Prom the beginning of training, 3. An F-4 pilot was performing
he noted difficulty identifying clear-weather, night touch-and-
other green-colored A-10s flying go's during airfield aircraft
at low level over green terrain, carrier landing practice prior
He also reported having diffi- to transitioning to carrier
culty with crossover turns, duty. Two other aircraft were
night refueling, rejoins in in a 2-ship formation in an
close formation, low-level authorized pattern above the
formation flying, and night airfield and operating on a
flying, and continued difficulty different radio frequency than
with the VASI light system. He the F-4 pilot, as was custom-
reported that he was uncertain ary. The F-4 pilot was depart-
whether his perceived difficul- ing from the airfield when he
ties were a result of his color observed diverging aircraft
deficit or were normal problems wingtip lights. He believed
experienced by most pilots, the lights to be from one air-
Afte: reporting to his first craft instead of two and, since
A-10 squadron, his concerns led they were diverging, he per-
him to the flight surgeon, ceived the aircraft to be on a
stating that he felt he was collision vector. He responded
endangering himself and others by cutting back power to avoid
while flying. He failed both a perceived impending colli-
the PIP and FALANT color tests. sion, resulting in an unrecov-
Extensive evaluation found erable stall. Both crewnembers
severe protanopia, presumably safely ejected; the F-4 was
congenital; however, a progres- destroyed. The investigation
sive cone dystrophy could not be board determined that the F-4
ruled out at that time. Subse- pilot was never in danger of a
quent retesting has been stable collision and that the other
to date, but he was permanently aircraft were properly posi-
grounded because of safety tioned and not at fault. The
concerns, mishap pilot admitted that he

had a longstanding color vision
2. A 45-year-old navigator/EWO deficit and was never able to
with 3,500 flying hours was discriminate between the
diagnosed with adult-onset different colored lights on
foveomacular vitelliform aircraft wingtipsl He had
dystrophy. This defect began failed the FALANT on initial
much earlier in life, but wasn't flight physical exam, but
uncovered until he developed a "passed" on retesting. He
loss of visual acuity O.D. stated that he was able to pass
because color plates and FALANT the color tests only by cheat-
did not identify his acquired ing. Following the mishap, he
B/Y defect. A thorough evalua- failed the FALANT test. After
tion revealed a moderate tritan further evaluation, he was
(B/Y) color defect, most likely found to have a congenital
associated with the foveomacular deuteranomalous defect. The

* vitelliform dystrophy. Since investigation board determined
* current screening tests only that his color vision deficit

detect R/G defects, the EWO was was a contributing factor
able to pass the current because he could not discrimi-
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Date between different colored be almost 0-1-0.3%. Color
wingtip lights, leading to the performance in females has been
misperception that there was one grossly overlooked because of
aircraft on a collision course the inherent and disproportion-
in the night sky instead of two ate nature of the sex-linked
separating aircraft in a normal association in males, the
approach pattern, primary aircrew pool in the

past. The incidence of B/Y or
Current color screening method- tritan defects is regarded to
ology is primarily based on the be quite low, in the range of
historical requirement of red/ 0.002-.007% of males. The
green/white discrimination with- exact incidence of B/Y defects
in a male population and, to a within the male population is
degree, is based on incomplete unknown and should be regarded
and faultily-derived informa- falsely low for a variety of
tion. Retesting for R/G reasons, including the fact
deficiencies at increasingly that BAY defects are not
infrequent intervals--or at routinely screened for by
all--does not incorporate the common color screening tests.
capability to survey for Even the fundamental research
acquired color deficiencies, by W. E. Wright, who screened
Infrequent monitoring for for E/Y defects via a B/Y test
change, as well as creative plate produced in LIFE magazine
testing techniques (often with (British) in 1970, was wrought
the direct help of a sympathetic with considerable underreport-
test examiner or 'color assis- ing biases. Even less is known
Lant" who may indirectly be about B/Y defects in females
coaxed to provide additional The sex- 1 Lnked nature of B/Y
hints), contributes to a less defects has not been estab-
thai, perfect color screening lished, appearing to be a more
methodology. Similarly, initial autosomal deficit, and there-
testing results, obtained once, fore as likely to express it-
are often historically self in the female population
referEnced in an aviator's as in the male.
record without retesting or
considering acquired change. Acquired color vision deficits

can be produced by a number of
Screening efforts, therefore, pathophysiological mechanisms.
have been directed toward These include primary retinal
identifying those individuals diseases such as idiopathic
who would be unable to central serous chorioretinop-
differentiate operationally athy, retinitis pigmentosa,
between red, green and white hereditary and acquired macu-
lights. The incidence of sex- lopathies, glaucoma, optic neu-
linked congenital defects in the ritis, toxic forms and drug-
male population has been induced forms. For example,
assessed at 8-9%. This figure antimalarials have been linked
can be further broken down into to acquired color vision
deuteranomaly at 5-6% (green- defects. The onset of acquired
cone-weak anomalous trichromat); defects is not always preceded
protanomaly at 1% (red-cone-weak by a decrease in visual acuity
anomalous tricbromat); deuteran- or other performance decrement
opia at 1% (green-cone-absent that would alert either the
dichromat); and protanopia at 1% aircrew member or the flight
(red-cone-absent dichromat). surgeon. These differences can
The incidence in the female be used clinically to help
population is not as well ascertain the potential
established but is estimated to etiology of a color vision

I'
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defect, especially in the in the absence of any color-neu-
absence of historical test tral, "see it no matter what"
scores, design redundancies,

you have created a potential
Table 2 summarizes the rharac- formula for disaster in color-
teristics of congenital versus normals and almost certainly
acquired color vision defects. in color-abnormals.

TABLE 2.

CONGENITAL DEFECTS ACQUIRED DEFECTS

Color loss in specific spectral Often no clear-cut area of
region discrimination loss

Less marked dependence of CV* on Marked dependence of CV on tar-
target size and illuminance get size and illuminance

Characteristic results obtained Conflicting or variable results
on various clinical CV tests on clinical CV tests

Many object colors are named Some object colors are named
correctly or predictable errors incorrectly
are made

Both eyes equally affected Eyes affected asymmetrically

Usually no other visual May have decreaccd acuity and
complaint field loss

Defect is stable Defect is labile, with progres-
sion and regression

*CV = color vision

It is particularly relevant At least one midair collision
aeromedically to realize that between aircraft engaged in
current selective waveband air-to-air training was attrn-
filters, ranging from the high- buted to factors induced by a
contrast yellow vis r to the combination of yellow visor and
more deeply pigment<:d dye for- green sunglasses worn by the
mulations used in LEP devices, attacking pilot.
ironically induce complex color
vision deficits in color-normal Ill. COLOR TESTS AND METHOD-
individuals that closely paral- OLOGY
lel acquired defects such as are
seen in ocular or optic nerve R.G Testing, Common test de-
disease. These devices induce vices and methodology fall into
complex and profound R/G and B/Y four basic categories: plate,
color deficits in known color- arrangement, lantern, and
normals, but are unpredictable anomaloscopic tests.
and have as yet undetermined
impact on color-weak or frankly Plate tests depend on
color-abnormal aircrcw. When confusion lines to elicit their
you overlay significant induced effects. They require the
color loss with full visual proper color temperature
spectral electronic displays, illuminant; otherwise, the

"F• basic design premise of the
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test is in-validated and the numbered on the back and can be
results become erroneous. The moved freely during testing.
PIP rely on identification of a Several testing strategies are
colored symbol embedded in a available and include color
color-confusion or gray back- confusion, hue discrimination,
ground; the background and and evaluation of neutral zones
symbol are composed of confusion (colors seen as gray). Exam-
colors that appear clearly to ples of these tests are the FM-
color-normals but seem identical 100 (hue discrimination), D-15
(confused) to color-detectives. (color confusion), desaturated
These screening tests identify D-15 (color confusion), and the
those individuals with congeni- Lanthony New Color Test (color
tal R/G color defects and are confusion and neutral zones).
based either on theoretical Advantages of these tests are
properties of the color vision that they are easy to admin-
system: or on statistical data ister and can be used with
about confusion colors from naive subjects. The FM-100 and
known color-defectives. Pro- D-15 discriminate between pro-
tanopes confuse certain greens tan, deutan and tritan defects,
with reds, and deuteranopes con- based on axes of confusion.
fuse other greens with purple. The D-15 does not discriminate
Examples of such tests are the anomalous trichromats. The
Ishihara, Dvorine, AG, Richmond, FM-100 is quantitative, with a
AO Hardy-Rand-Rittler, and Tokyo long histcry of use and popula-
Medical College. Advantages of tion bases for comparisons in
these tests are they are simple, hereditary and acquired cundi-
easy to administer and inexpen- tions. The validity of the
sive, and can be used with tests varies; the D-15 shows
illiterates and young children. agreements with the anomalo-
The tests generally do well com- scope of between 0.73-1.00.
pared with the anomaloscope, The desaturated D-15 has not
showing agreement ranges of 0.95 accumulated enough data ta
or higher. No calibration is allow appropriate comparisons.
required by the user. Disadvan- However, 98% of dichromats and
tages are the required use of a 70% of anomalous trichromats
special illuminant C; the will fail the desaturated test.
presentation of confusion The FM-100 may be statistically
colors, which may be difficult assessed at P-.0.05 or 0.01.
to duplicate through the print- Scores may vary with age, test
ing process; and, because of eye experience, and wavelength dis-
pigmentation or lens coloration, crimination function. The
the selected colors may not be Lanthony test is scill under

Scorrect for a specific individ- evaluation. It is designed for
ual. The plates may be degraded acquired defects and, there-
by fingerprints, dust, and fore, a plethora of test con-
excessive light exposure, and ditions must be considered.
must be kept in a case when not All of these tests require man-
in use. The test should be ual dexterity and may be diffi-
presented monocularly. The cult for some patients. Pig-
plates should also have their ments may be damaged by finger-
order rearranged to preclude prints; therefore, gloves
sequence memorization that can should be worn by test sub-
be shared between test subjects. jects. Spectral quality of the

light source illuminating the
Arrangement tests require the plates is critical; the caps of

subject to arrange color samples the D-15 and FM-100 tests are
by similarity in a series, often made from Munsell colors for
a color circle. The caps are which CIE specification is

------- ------- ---
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available only under illuminant examiner, one example resulting
C. No calibration is required. in an aircraft loss. No cali-

bration or maintenance of the
lantern is required, and CIE

Lantern tests were conceived chromaticity specifications are
as occupational tests to evalu- available.
ate zed/green/white discrimina-
tion in seamen, railway person- The anomaloscope is the gold
nel, and airline pilots, in standard device of color vision
order to assess their ability to testing and depends on the Ray-
discriminate navigation aids and leigh equation. The test sub-
signals. Correct color recogni- ject is asked to match a yellow
tion is the important variable, light by mixing varying amounts
The value of lantern tests is of red and green. The amount
their ability to simulate the of red and green selected is
actual work environment. They the Rayleigh result. Normals
do not specifically identify match pure yellow (589 rn) with
types of color defects. They an equal mixture of pure red
were designed to screen out (670 nan) and green (545 mi).
individuals who cannot see red, Protanomalous trichromats
green and white occupationally, require more red in the mixture
and will pass color-normals and and deuteranomalous trichromats
color-weak RIG defectives. The more green to make up for their
expe'.tation is that color inherent deficiencies in a
defectives who pass a lantern particular cone class. Protan-
test will perform as well as opic or deuteranopic dichromats
color-normals in their occu- will accept a wide range of R/G
pation. The most representative mixtures to "match" yellow,
device, and the only one readily because they match brightness
available, is the FALANT. This and not color. This test has a
test uses red, green and white long and well-established
lights that are confused by peo- history and is the definitive
ple with more severe color test for R/G color vision. It
defects and does not attempt to is used to validate other color
mimic navigational aids. The vision tests and requires a
assumption is that if an observ- spectroscope for calibration.
er can see the lights that The apparatus is expensive,
color-defectives can't see, then requires experienced examiner
they should certainly see those skills, will not tolerate rough
colors that color-defectives handling, and is not a readily
don't fail. A design feature of available screening tool. The
this test permits 30% of color- Nagel anomaloscope is the only
defectives to pass. The valid- device that may be used to
ity of these tests, compared classify genetic P/G color
to the anomaloscope, is very vision defects. several new
limited, so agreement factors electronic versions that
have not been published. Test include B/Y testing are
advantages are the device is currently available and under
self-luminous, so it may be used evaluation.
in normal room light; random
presentation is easy to accom- Plate and arrangement tests
plish; and administration and are designed to identify indi-
scoring do not require highly viduals who may need more
trained personnel. Availability extensive color testing. They
varies, being an "off-and-on" do not diagnose a specific
phenomenon. Several creative color defect. A test subject
schemes have been devised to who passes the plate test for
"game" this test or "con" the R/G deficits is regarded as

- ,- . . . . . . . . I '- I - .. .. . - . . .. . .. . .
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color-normal for R/G only. ment; however, they are not
Plate tests are not quantitative ideal screeners. These tests
but should be regarded as were not optimized to assess
pass/fail, requiring further this performance and do not
evaluation with other sophisti- identify severe anomalous
cated testing to evaluate the trichromats. The Pickford-
color deficit. Individual Nicolson anomaloscope and the
laboratories need to establish AO Hardy-Rand-Rittler PIP are
theix own test battery to no longer available commercial-
satisfy their needs with respect ly, but were employed in the
to R/G defectives. A validated past to assess B/Y deficits.
plate test and the FALANT are The Farnsworth F2 plate ret.:, ins
both effective R/G screeners. available on a limited bas3s to
In combination, they even color researchers, but could
improve upon their validity as easily be made more available
opposed to one test employed as a screening plate. It can
alone, be produced inexpensively and

could be included in the
B/Y Testing. Because of the standard PIP test to allow
apparent significantly lower screening for B/Y defects.
incidence of congenital B/Y Failing this test wculd be
defectives and the traditional either disqualifying or
RIG aviation world, current indicate further definitive
color screening methodology evaluation. The F2 plate is
excludes this category. of currently available through the
questionable historical valid- Naval Submarine Medical
ity, wu believe that this is no Research Laboratory, Groton,
longer the case, and therefore Connecticut.
B/Y should be evaluated as well,
for screening congenital and If our color logic is accept-
acquired deficiencies. We main- able, adding the Farnsworth f2
Lain that, in the modern cockpit plate would provide a more
of tuday and tomovrow, the optimal screening strategy. IL
importance of B/Y discrimination acquisition of tnis type of
has been underscored and needs plate fails, then the D-15
consideration in order to maxi- could be employed. Although
mize this aspect of the avia- somewhat more time-consuming
tor's visual system. Given the and perhaps more redundant,
complicated induced color the D-15 will test for B/Y
defects imposed with LEP, dichromats but not for BlY tri.-
extremely task-saturated chromats; it's therefore less
multispectral electronic dis- than perfect for this purpose.
plays, and the need to avoid
limiting design evolution that Development of a standard PIP
could capitalize on the virtues Part 2 test offers potentially
of a truly color-normal visual a cost-effective alternative to
system, we believe it is time the F2 plate. This test was
to screen and monitor for B/Y developed in 1983, basically as
defects. Several tests cur- an acquired B/Y color-vision
rently are available to assess tester, but has not so far been
this ability; however, many employed as a screening test
remain elusive and, at the because of our fundamental
present time, are not readily approach concentrating on R/G

avail ,ble. This is not to say deficits. It is a rudaily
that, with proper support, available, inexpensive ($57

they could not become so. U.S., Igaku-Shoin Ltd, 1
Certainly, the FM-100 and D-15 Madison Ave, New York 10010)
evaluate this performance el.e- test designed to identify
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acquired B/Y deficits. Its the impact of selective wave-
ability to identify congenital band filters on discriminating
BIY deficits warrants further this symbology have either beeninvec.tigation and may offer an totally excluded, partially

effective alternative to the F2 accommodated, or realized after
once-Talidated from this the fact. Clearly, red, green
persp~ctive in the future. In and white signals have become
the meantime, it is an effective passe and boring. Current
evaluation tool in the electronic displays employ a
evaluation of B/Y defici-ncy. vast color pallette, seemingly

attempting to use as many
A more expensive approach would pixels of individual colors as
be to coa-sign an operational possible. Considering the eye
color screening cockpit employ- can recognize 4,000 individual
ing all the latest electronic coJors, the possibilities are
displays in a real-world simu- endless. All this colormania
lation test. Obviously, stan- has been done without regard
dardization of display symbology for color-defectives. In fact,
would facilitate this process, an aviator had better be a
but may be unrealistic opera- "Super Coneman" to fully appre-
tionally. Certainly an effec- ciate the electronic, multidi-
tive and practical compromise nensional, full-spectrum,
could eventually be reached. technicolor extravaganza in the
FundamUntally, and in the mean- cockpit. Whexi LEP enters the
time, we believe that inexpen-- picture operationally, things
sive testing methodologies to unintentionally begin disap-
locate "Super Coneman" currently pearing from this visual envi-
exist. ronaent. Certai colored

symbology sizes become diffi-
IV. MODERN AVIATION COLOR cult to see through L,EP visors,
VISION ISSOES requiring doubling their size

to ensure 100% recognlition.
It is appropriate to expand Redundant, color-independent
consideration of color vision symubology is not always pres-
issues into th(;, arena of the ent, but, without doubt, shou1ld
modern cockpit and beyond, in be. For the "operationally
the hope of stimulating induced" color-impaired, it is
imaginations and concerns in imperative that "switchology"
support of more complete and exist on current displays to
stringent color testing. One neutralize the impact of LEP,
has to only look back 20 years but such design features
in cockpit design to compare complicate and ado to the cost
current "old" operational air- of thu equipment. However,
craft with "new" aircraft to there appears to be no alter-
appreciate the way in which native if we are to adequately
cockpit designs are evolving, protect our aircrew from laser
A valid question--painful for threats. Since hostile lasers
some--might be "Will the manned remain agile with respect to
part of the system evolve with wavelength and a single defen-
it?" sive solution elusive, this

compromise of color performance
Selectlie waveband filters. The is likely to remain an irri-
all-glass cockpit produces a tating cost of doing business.
staggering amount of predomi- Fundamentally, in order to
nantly color-coded visual infor- predict the impact of a par-
mation for artistic, if not ticular LEP on an aviator, it
functional, reasons. Redundant is beneficial for vision
symbology and consideration of scientists and engineers to
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understand the impact of a dependent upon, an intact color
particular visor on the aircrew vision system. These tasks be-
population. There is no ques- come extremely difficult, if
tion that the impact on color- not impossible, through LEP
normals is profound. The devices, and have a variable
inclusion of color-weak or impact on color-normals and an
color-abnormal aviators within unpredictable one on color-
this population and the lack of abnormals. Although some
information to date on the selective waveband filters can
impact of these devices on this enhance detection of a particu-
subset, complicates this matter lar color range, this advantage
considerably. In addition to an is accompanied by a loss of
unpredictable effect on those discriminatory ability in other
aircrew, it requires complicated color ranges and an overall
studies to ascertain the full reduction of luminance, induc-
extent of such devices on color- ing a new challenge. This new,
abnormals. Thus, there remains altered color world would have
the seemingly insurmountable to be "learned" rapidly, often
task of protecting aircrew from under duress; information
agile laser threats and still processing time would be
ensuring the unaltered full increased and a color-weak
potential of information trans- individual's performance time
for through existing and future would be degraded dispropor-
aircraft. A laser-induced tionately.
reality may require a return to
monochromatic displays or Naval air operations present
removing the pilot. Some additional unique and critical
aircraft employ color contour color-recognition tasks. These
map-display systems that are tasks require exquisite chore-
presented visually to aircrew ographv h-twceu aircrew and
through various means. These deck crew who wear color-coded
displays must be modified to ensembles to identify their
accommodate or neutralize the flight deck responsibilities.
impact of LEP on the information Extremely hazardous, time-
they present. Since only one critical night carrier land-
visor can be worn at a time, ings, although not totally
it is a challenge to match the dependent on color discimaua-
appropriate visor to the threat tion because of automatic
environment. Given agile laser landing light systems, are
threats, it is likely that this greatly improved by the avia-
selection will more likely be tor's ability to discriminate
wrong than right. We can only color cues rapidly. Colored
hope that evolving technologies lights are important to
will solve this problem. delineate aircraft carrier

superstjuccure and orientation
Air-to-Ground Operations. during night recoveries. This
Despite exclusive initial night is not to say that night land-
strikes using nioht-vision ings cannot be accomplished by
devices (NVDs), 1lesert Storm color-weak individuals, but
demonstrated th;._ surgical day- this extremely critical phase

* light strikes continued to be-- of flight, characterized by a
and are likely to be more so in very narrow window of opportu-
the future--a prominent part of nity and a paucity of alterna-
tactical air operations. In tives, is greatly enhanced by

* this context, map reading tasks, intact color discrimination.
visual target confirmation, and
smoke marker detection are Air-to-Air Operations. Despite
greatly enhanced, if not totally technological advances in long-
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range missile intercepts, visual the use of NVDs by aircrew;
identification of potential however, we still are rela-
hostile aircraft in politically tively naive in such issues
sensitive situations, and the as NVD performance nomograms
fact that not all missiles hit and visual standards, the
their intended target (only 20% impact of NVD performance as a
in actual combat) still dictate function of ocular pathology,
the need for close-range dog- physiologic/optical inter-
fighting capability with its phasing and other essential NVD
strong reliance on the air- neurobiological coupling issues
craft's cannon. The tactical such as color perception. At
offensive employment of airborne present, the performance of
lasers to dazzle or incapacitate aircrew with NVDs with respect
an adversary requires the depen- to an underlying color defi-
dence on LEP in the air-to-air ciency has not been evaluated,
arena in the future. A pilot's although studies have been
ability to discriminate adver- proposed. The emission maximum
sarial aircraft close in against for the generic night vision
varying color contrasts despite goggles (NVG) is 530 nm; the
creative camouflage schemes make wavelength maximums for red and
this task even more difficult green cones are '146 and 571 nm,
through LEP. In some cases, respectively. Thus, it appears
neutral gray aircraft against a that neither cone system is
low-contrast surround appear optimally stimulated and can be
invisible through certain concluded that the chromatic
visors, not to mention that they system is not well coupled to
are extremely difficult to see these devices. It seems intu-
with the naked eye alone. itive that engineering a
Recent military operations have phosphor's emission character-
been critically linked to suc- istics to match the retinal
cessful day and night refueling sensitivity of the operator is
operations. Although a tanker's simpler than any other proposed
refueling light tracks employ solution. The impact of any
redundant symbology and only existing color deficiency, be
red, green and white lights, it congenital or acquired, on
blue basket markings on certain an individual's ability to
aircraft add another dimension, optimally use NVDs remains
Throw in a requirement for LEP undetermined. As greater
because of the proximity of reliance is placed on NVDs,
hostilities to refueling opera-- better neurobiologic coupling
tions and the fatigue from in color-normal individuals is
repetitive night taskings, and required, and standards must be
it can be quickly appreciated determined for color-weak indi-
how color serves to reduce the viduals to ensure there is no
stress and difficulty associated performance degradation with
with such tasks. these severely visual-tasking

devices. This issue raises a
Niciht Vision Devices (TDs). potential disconnect to be
The integration of NVDs in air avoided or engineered out of
operations has introduced a the system until studies permit
plethora of new physiologic and a better understanding of NVD
equipment interface issues. In color coupling in color-normals
effect, NVDs may be thought of and color-weak/abnormals. How
in the context of biologic much simpler it would be to
coupling, introducing a complex establish one category of super
blend of aerovisual and aviator, "Super Coneman", and
engineering factors. A great neurobiologically couple the
deal has been written regarding NVD without having to consider

b-1
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a multitude of biological Finally, stereopsis for chro-
subsets in the procezss. matic contrast targets can be

eliminated with suitable lumi-
Chromatic Contrast. The detec- nance contrast. Clearly, ste-
tion of sharp edges in a ver- reopsis mey be manipulated,
nier acuity task (hyperacuity) enhanced, masked, attenuated,
has traditionally been thought etc., resulting in a range of
to be a product of the luminance control of stereopsis that
system. It is now known to be heretofore has not been possi-
influenced by color. In a sim- ble. This concept can be re-
ple situation, suppose two green garded as synthetic -tereopsis.
bars in a red surround provide a This manipulation, optimally
vernier (offset) target. If the intended to alter, highlight,
bars are isoluminant (briqhtness attenuate or illuminate infor-
match), there is a 70% chromati- mation presentud in the cock-
cally d'termiined loss, of acuity. pit, may play a role in futur'e
These sorts of spatial-chromatic cockpits, especially if virtual
interactions must be understood reality continues to evolve.
and exploited in the cockpit. It will greatly enhance engi-
Traditional contrast sensitiv- necring development and the
ity, used to accurately evaluate predicted impact from this type
pattern vision, principally uses of technology if the pool of
the brightness pathway. Homo- aviators share a cosmmon and
chromatic, isoluminarat gratings intact normal color visual sys--
(e.g., alternating red and red tem. The process of under-
stripes) have no visible bound standing spatial cbhromatic
aries. Heterochuromatic, isolu- interactions has just begun and
minant gratik1• (Lte~inatilig red deserves serious attention in
arid green stripes) have bound- those situations that involve
aries that may only arise from biologic coupling of the avis-
the chromatic system, becausu tor with cockpit displays.
there is no luminance differ- especially in hostile en,
ence; that is, there is chro- merts that seem to arque
matic contrast. This observa- virtual cockpit approach
tion has created a new research
ar,-a relevant to display tech- Virtual Reality. One p1
nology and other aspects of solution to the agile th
color perception. Luminance environmeunt in future ai
patterns and chromatic patterns ationo is virtual realit,
interact in several ways. Two seems impos.sible to prote
major effects occur: facilita- aircrew and harden assort'.
tion and attenuation. The optical sensors from all tL
interactions are spatial fre- illusive and dynamic laser
quency and wavelength dependent. threats. "Virtually impossibls
These sorts of data begin to solution + emerging realities =
approximate the real world virtual reality." Although
(cockpit) . There is further reactive canopies and visors
evidence to support the notion may play a role, the thzeat
that spatial localization i.s envixonment is so rich and
dependent upon color and includes so many other threat
luminance contrast. Color can wavelengths that virtual real-
support binocular fusion and iLy cockpits propose a valid
cclor targets may be fused in approach to minimizing the
the context of rivalrous lumi- impact of such threats. This
nance information, just as lumi-- is an exceedingly complex
nance contrast targets may be challenge, and new physiologic
fused in the presence of problems will certainly arise
rivalrous color information, as this technology matures and
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is integrated into weapon Dependence upon a historically
systems. Nonetheless, there referenced, previously passed
appear to be significant qualifying test forgoes the
benefits associated with this possibility of validation and
approach. An alternative solu- monitoring for acquired color
tion proposes removal of the deficiencies and inappropriate-
biological component of the ly comulits a prospective avia-
weapon system altogether, but tor ini' an ever-increasingly
for the foreseeable future, this comple color world. Retesting
would be regarded as an unreal- policy regarding color perform-
istic approach, unappealing to ance varies and often a histor-
enthusiasts, even if predicated ically referenced test score
on fertile technical merit. The suffices in lieu of retesting.
ability to exploit color physics Creative gaming techniques, to
and physiological issues is include memorization, sharing
bounded only by imagination and answer-s, anld more elaborate
biological limitations. Ideally, schema to assure a passing
freelance engineering without score, have all been employed
the encumbrances of limitations successfully in the past. Ani
secondary to color vision defi- example of an aircraft lost to
cits fundamentally and logically this phenomenon was given
warrants support. Should a earlier. it is not good policy
potential technological develop- for the aerovisual scientist to
ment in this area be subjected be adversarial to prospective
to premature demise from unne- and trainod aviators, but it is
cessary physiological hant|icaps? our responsibility to ensure
Or not developed because Uf an that tests are aehninis-tered
unpredictable impact when properly and that we eliminatu
coupled biologically? It seems Lhose candidates that are
scientifically unfair to pmenal likely to be visually com-
ize creativity by having to dcal promised. The "color assis-
with le.ss than optimum human tant" phenomenon during color
visual systems. "Super Conumami" testing runs the full spectrum,
would be free to conqueer his from outright sympathetic data
"Color Metropolis" uneuncumbdered entry to compromised testing
by any krylptonite-like weak- Lechniquc to disinterest or
messes. Synthetic stereopsis, lack of understanding of the
color contrast, and colol significance of rtsponsses.
stereopsis are some of the
emerging color vision principles Regardless, performance assess-
that need to be fully exploited memits based on erroneous intor-
in the virtual realm before mation can be improperly car-
being discarded or lost. vied throughout an aviator's

career. Acquired color deti-
Color Testing Realities. ciencies cant be elusive and
Assessment of arm aviator's color are not always associated with
performance has often been comr-- other warning signs such as
promised by basic breaches of reduced acuity. Reducing the
testing principles. For exam- routine monitoring requirement
pie, the wrong illuminant inval- is therefore fundamentally
idatus ulate and arrangement flawed and does not identity an
tests and contributes to a impaired aviator within the
pntentially erroneous passing color-task-saturated environ--
score. This error, or any ini-- ment of today's and tomorrow's
tially acquired faulty informa- aircraft.
tion, is compounded in the ab-
sence or infrequent requirement
to reassess this performance.

_ _ _..... ... -
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V. SUPERCONEMAN LEP or filters, or to maintain
a color-neutral approach (in

It appears, given both real essence a return to black and
and perhaps some conjectural white electronic displays)
issues, that the argument sup- wherever possible. Perhaps the
porting the search for "Super ultimate expression of this
Coneman" exists now and will approach would be to design us
have only greater relevance completely out of the cockpit,
in the future, assuming that or in the meantime, optimize
humans continue to be coupled the biological coupling between
with aircraft. Thee fact is that display design and known color
"Super Coneman" exists now; he's issues and to embrace color-
called color-normal. The color defectives as well. The first
world is polydimensional, but approach maximizes the impact
our current mode of testing of color discrimination by
color is based oi a uaiidimen.- advocating stricter color
sional approach. There are standards ("Super Coneman"),
inter:actions between the chro- and maximizes exploitation of
matic spatial system _ind the emerging color technologies
achromatic spatial system audch such as synthetic stereopsis,
that screening for color capa- chromatic contrast and other
bility alone may be misleading enhancements yet to evolve.
in terms ot occupat.ional nueds The feasibility of embracing a
and standards, often the basis more stringent approach can be
for color tests in the past. done effectively and with
Color aniomalies have only been acceptable cost, especially if
marginally linked to actual candidate screening is only
"real world" color performance, accomplished at several
and better delineation seems centers.
necessary. The color world of
the future will need to be l'late andi arranigemnent tests. are
understood in the context of designed to simply scru'oun lndi-
interactions of the color system viduals who may need more ex-
with other a~spects of vision, to tensive color testing. Adding
capitalize on emerging tecisnolo- to existing plate or lantern
gies and future cockpits. methods the ability to assess

1/Y performance and to support
Two alternative approaches are a program of more frequent
possible: one is to promote testing, supported by appro-
moru extenisive screening for priate disqualification regu-
preexisting color pathology, lations, will ensure a color-
coupled with frequent reoval normal aviator pool---one that
uation, and tLhe other is to will have a predictable impact
continue business as usual and from today's and tomorrow's
minimize the impact of color- optical devices and aids--tllat
related tasking. The former can correlates with laboratory
be accomplisheid by more compre- studies and predictably extrap-
henisive visual screening, to olates to the entire flying
include B/Y assessment, whereas pool. This pool would facili-
the latter accepts a handicap tate engineering options and
and requires engineered color- biologic coupling. It would be
independent solutions. The a pool whose visual tasks and
impact of color can be minimized cockpit performance would be
in displays by programming and enhanced by the color vision
designing in a switchable, system and not penalized by it,
color-neutral mode to employ thereby negating effective use
redundant symbology visible of that information during a
through any present and future critical phase of flight.



In the final analysis, individ- 7. Medical Examination and 2.17

ual countries will establish an Medical Standards, Air Force
appropriate battery of tests to Manual 160-1, Department of the
satisfy their needs. Political Air Force, February 1964, p 90.
relities, however, may alter a
pure approach. Today's world of 8. Medical Examination and
kaleidoscopic color cockpits and Medical Standards, Air Force
tasks, overshadowed by a mili- Regulation 160-43, Department
tary drawdowni and pilot reduc- of the Air Force, February
tions, seems to echo an oppor- 1993, p 55.
tunity to reduce the pool of
candidates to only the very ADDITIONAL READING
best, in this case, "Super
Coneman' . This approach will Boynton, B. M., "Human Color
ensure that, to the limits of Vision", Holt, Rinehart and
our ability, we optimally, per- Winston, New York, 1979.
haps synergistically, couple
the biologic component to the Pokorny, J.S., Verriest, V.C.,
airframe well into the 21st Guy, Pinckers, A.J.L.G.,
century, or at least foc as "Congenital and Acquired Color
long as we continue to sit on Vision Defects", Grune and
a rocket, racing through space, Straton, New York, 1979.
with our hair on fire.
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PHOTOREFRACTIVE KERATECTOMY (PRK) IN THE MILITARY AVIATOR:
AN AEROMEDICAL EXPOSE
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Brooks AFB, Texas 78235-5301

SUMMARY D diopters of refractive
power

Refractive surgery to correct eV electron volts
rehabilitate refractive errors VA visual acuity
of the eye continues to evolve bVA best (corrected) visual
at a significant pace and is acuity
here to stay. The surgical IOL Intraocular le.ns
manipulation of the cornea by
carefully planned incisions, I. INTRODUCTION
as in radial keratotomy, repre-
sented the first technological Surgical intervention to alter
procedure to evolve for the the optical refractive state of
correction of amotropia and is the eye is known as refractive
an area of continued active surgery. Current procedures
development and improvement, have evolved in an attempt to
More recently, photorefractive permanently correct myopia
keratectomr (PRK) using laser (nearsightedness) and, to a
technology to ablate and reuon- lesser extent, in less commonly
tour the r-orneal surface has expressed refractive problems
emerged as a viable modality. such au excessive astigmatism
This paper explores the aero- and hyperopia (farsightedness)
medical factors surrounding this Universal acceptance of such a
new revolutionary procedure and procedure will depend on its
discusses the issues relevant to success, predictability, sta--
evaluating its applicability to bility and safety. A listing
the mcdern aviator as well as of applied surqical techniques
reviewing results of the latest to date is as follows:
clinical trials currently in
progress. The goal is to pro- A. Radial keratotomy (RK)
vide the aeromedical community 1. Hand-made incisions
with tne fundamental information (RK)
required to formulate aeromedi- 2. Laser incisions
cal decision- and policy-making (LRK)
in regard to a new procedure B. Epikeratophakia (EPI)
that is certain to have tremen- C. Thermokeratoplasty (TK)
dous impact on future aircrew D. Laser thermokoratoplasty
candidates. (LTK)

E. Myopic keratomileusis (MNM)
LIST OF ACRONYMS 1. Manual

2. Automated larellar
PRK photoretractive keratoplasty or kera-

keratectomy tomileusis (ALK)
RK radial keratotomy F. Laser ablation
UV ultraviolet radiation 1. Corneal surface abla-
UVC short wavelength tion - PRK with or

SUV less than 300 ami without erodible
osi nanometer mask

L )',e.w.,nted at ,i .5.'pl,,n.sm ..... 'The C'lini<ca ll ...... fur Acv<,n,',hi'<lll~edisi,,lafMakinlg'.AIprl /991). • . :
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2. Intrastromal ablation Epikeratophakia (EPI): This
(ISA) procedure involves the removal

G. Myopic intraocular lenses of a portion of the central
(MIOL) cornea, which is discarded and

H. Synthetic corneal inlays replaced with a specially con-
I. Laser-adjustable synthetic toured implant, made from

epikeratophakia (LASE) either a donor cornea or
s-"nthetic materials. EPI has

Each of these procedures will be limited application; it is pri-
described briefly to enhance our marily used for the optical
background understanding and to correction of high degrees of
differentiate them from the hyperopia such as in aphakia
subject of this expose, PRK. (post-cataract surgery). It
Unquestionably, the evolution is a specialized procedure,
and application of laser energy performed by a small number
to alter the shape of the eye of surgeons in a very limited
is an exciting and promising number of cases.
technological development of
major significance to medical Thermokeratoplasty (TK/LTK):
science and the "war" on myopia. The application of heat to the
Corneal surface ablation that corneal surface to induce a
alters the shape of the cornea change in corneal contour, can
usrig excimer laser technology be achieved with cautery probes
(PRK) currently reprecents the or using laser energy (i.e.,
most common laser procedure to infrared HOLMIUM laser). It
evolve--one that ha.s attracted has been used primarily in
considerable international hyperopia, and although manual
O-tent. .on. and with it the hopes application procedures have
ot ophthalmic surgeons end many waned, there is a current
myopes. resurgence of this technique,

rekindled by new applied laser
Refractive Surgical Procedures technology.

Radial keratotomy (RK): In Myopic keratomileusis (MKM):
this procedure, the surgeon in this procedure, also
makes between 4 and 16 radial referred to as epikeratoplasty,
incisions extending through 90% a portion of the central cornea
of the corneal thickness and is removed and frozen, lathe
ruinning from the edge of the cut to recontour, then sutured
optical zgne to the corneal back onto the original site,
periphery (limbus) to flatten resulting in an altered corneal
the corneal surface. These curvature and a new refractive
incisions cin be made either power in the cornea. Recent
by a surgic> I knife or, more developments, including
recently, by a surgical laser,. enhanced control by microtome
CDnsiderable international automation, are being investi-
experience has accumulated wich gated in a nuw procedure known
standard, hand-made RK; the as automated lamellar kerato-
laser variant appears to be iess plasty (ALK). This is a com-
optimal. RK has been practiced plex procedure; in its present
for a numi-ber of years, and form, ALK has limited applica-
although it continues to evolve tion, unless techniques evolve
technoiogically, it may have to permit greater universality.
reached its clinical zenith. At present, it i.s used for high
It remains a popular surgical degrees of myopia (up to -30
procedure to myopes despite -ome D), with limited application in
potential drawbacks. the general population of

myopes.

I.
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Myopic intraocular lenses II. PRK
(MIOL): In this procedure, a

myopir anterior chamber IOL is In PRK, the ophthalmic surgeon
implanted to correct preexist- uses the excimer laser to alter
ing myopia. It is a relatively (flatten) the corneal contour.
new, evolving intraocular surgi- It employs 193 nm UVC light,
cal procedure with limited clin- emitted from an excited dimer
ical experience and application. ("exc-imer") cf argon fluoride

(ArF). Selection of this wave-
Synthetic corneal inlays: In length was based on intended

the synthetic corneal inlay pro- effect, predictability, associ-
cedure, an intrastromal corneal ated complications, and the
ring made of polysulfone or impact on surrounding corneal
hydrogel is implanted to alter tissue. PRK has been used in
the anteiior corneal curvature, both human and animal studies
It's a new procedure, currently since 1986, with an estimated
under technical development. 70,000 human procedures already

performed using systems made by
Laser-adjustable synthetic 5 manufacturers. The procedure

epikeratophakia (LASE): This depends on the photoablative
procedure employs a collagen effects of high-energy UVC
exoplant previously sculpted by which causes ultrafast vapor-
laser energy to a desired shape ization of the cornea by
and power and attached to the direct photochemical disruption
eye. It is a new procedure and of molecular bonds from photic,
has had limited studies to date. photothermal and photomechani-

cal mechanisms. Two laws of
Laser Intrastromal ablation physics applicable to PRK are

(ISA) : In ISA, laser energy is the Grotthus-Draper Law, which
applied directly to corneal states that light must be
stromal tissue. Theoretically, absorbed by a molecule before
its premise is to collapse or a photochemical effect can
flatten the corneal surface by occur, and the Stark-Einstein
selectively destroying deeper Law, which stales that the
portions of the underlying absorption of only one photon
supporting corneal stroma, to is required to affect one
avoid potential problems asso- molecule. Infrared radiation
ciated with removing superficial induces molecular rotational
corneal layers. ISA is an and vibrational changes and
emerging procedure with tech- is associated with voltages in
nical merit and potential the 0.01-1.0 eV range. UV and
universal applications, visible wavelengths are asso-

ciated with higher energy and
Laser surface ablation (PRK) : induce electron changes that

In this procedure, the surgeon involve excitation of valence
uses laser energy to create a electrons at levels below 3.0
central corneal plateau or eV, chemical bond breakage in
flattening that reduces the plus ranges of 3.0-6.0 eV, or com-
refractive power of the cornea. plete ionization and bond
Representing, overwhelmingly, breakage at energy levels
the most common form of laser greater than 6.0 eV. UVC
ablative surgery to date, PRK is energy levels (6.4 eV) used by
considerably advanced in its the excimer laser result in the

F clinical application inter- removal (vaporization) or a
nationally; it is the focus central zone of corneal tissue
of this paper. with, theoretically, minimal or

acceptable impact on the sur-
rounding ocular structures.

LjMilo
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However, a byproduct of this programming the amount of

type of tissue interaction is intended refractive change
the production of free radicals. required and baseline ophthal-
The corneal layers removed by mologic examination data, an
this procedure include the cor- algorithm determines the
neal epithelium, basement mem- desired excimer treatment
brane, Bowman's layer and parameters. Using helium-neon
portions of the corneal stroma. (HeNe) aiming beams, the
The amount of tissue removed is patient is directed to look
dependent upon the initial into the aiming device while
refractive status of the patient the surgeon positions the
and the desired optical result. patient's head manually for the
Upwards of 10% (e.g., a -5.00 D procedure. Laser energy is
myope) of the cornea may he then applied typically over
removed. The surgery is 20-40 seconds, during which
intended to produce a flattened time the corrneal surface is
corneal plateau, thus reducing almost "magically" and irrev-
the overall plus refractive ersibly altered. Postopera-
power of the cornea and subse- tively, the eye is patched for
quently the amount of minus a few days to promote reepithe-
power required for optical lialization and healing;
correction. The procedure is topical steroids are employed
targeted primarily at -2.00 D to control postoperative
to -7.00 D myopes. To be changes. Postoperative carn
clinically acceptable, treated involves management of the
corneas should be clear, smooth, reepithelialization process
predictably contoured, and and steroid-dependent factors
stable following the procedure. such as refractive outcome,
The development of an erodible anterior stromal haze and
mask, used in conjunction with steroid-induced rises in
the application of the excimer intraocular pressure. The
laser, broadens the scope of recent trend is toward reducing
this procedure, to include both steroid use, substituting non-
astigmatism and hyperopia. This steroidal anti-inflammatories,
mask is composed of polymethyl and for shorter periodct of
methacrylate (PMRA), which time, approximately 3 months.
absorbs UVC and is eroded However, steroids seem more
(vaporized) in the process, efficacious, minimizing post-
and a quartz substrate, which PRK inflammation and corneal
transmits UVC without destruc- haze, and playing a role in
tion. The surgeon uses these preventing postoperative
specifically contoured masks regression (1,2,3). Clini-
to control exactly where and cally, their use seem•
how the laser energy is applied unavoidable.
to the cornea, thus allowing
selectively contoured corneal Demograuhics
surfaces beyond the limitation
of an unmasked laser-determined U.S. demographic studies (4)
central plateau. predict that by the year 2000,

approximately 8 million PRK
PRK Procedure procedures will have been per-

formed in the U.S. at a rate of
Clinically, the procedure can 3.5 million per annum. Inter-
easily be perceived to be over- national projections in combi-
simplified. The corneal nation portend of a tremendous
epithelium may or may not be pool of applicable PRK candi-
removed prior to the applica- dates who will pursue this
tion of the laser energy. After procedure enthusiastically.
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There is no question that PRK exactly to what final level,
will appeal to most myopes and only time will tell. Factors
offers some significant such as the use of erodible
advantages over RK. The most masks, new technology, aperture
important advantages are the size, control of energy emis-
reduction in the risks from sion profiles, postoperative
intraocular penetration during management, and improved pro-
surgery, less refraction gramming algorithms are likely
instability, and the retention to achieve improved risk/
of near-normal corneal rigidity, benefit ratios. This outlook
severely compromised with RK. presumes no catastrophic issues
The collective international arise. Until recently, it has
experience (nearly 40 countries) been generally recognized that
with PRK is 7 years old and it usually takes approximately
involves nearly 70,000 patients, I year for the refraction to
while the U.S. experience is stabilize post-PRK, and this
less than 3 years old and peziod may even be longer in
involves approximately 3,000 higher myopes (1,8,11,12,13).
patients. The procedure
currently costs approximately Complications
$2,000 U.S. per eye and approxi-
mately $300,000 U.S. for the The main potentially signifi-
excimer laser. However, even cant issues associated with PRK
pessimistic demographic esti- so far include:
mates still encourage medical
and commercial development. Corneal scarring

Haze/glare/starbursts
Postoperative Results Pain

Instability of refraction
A review of the literature and Loss of best correctable VA
data from a current user group Recurrent erosions
symposium reveals that PRK, even Over/under correction
early in its technological Topical steroid complications
development, is currently about Decentration
equal to RK in terms of VA Corneal islands
results. Most groups performiny UVC exposure
PRK report postoperative vision
is 20/20 or better in 58-75% of Corneal scarring/haze/glare/
eyes and 20/40 or better in 85- starbursts/haloes: Corneal
95% of eyes at 1 year. Depend- scarring, in the form of
ing on the preoperative amount corneal haze, is present in
of myopia, the percentage of virtually all patients postop-
postoperative refractive errors eratively, fades invariably,
achieved short-term within 4+1.00 and is subject to individual-
D of emmetropia (plano) ranges ized interpretation and signif-
from 70% to 98% in myopes with icance. There is no question
preoperative refractions less that the haze occurs and seems
than -3.00 D, from 60% to 92% to peak in 3-6 months. It is
in myopes between -3.00 and a result of inflammatory and
-6.00 D, and from 35% to 44% in induced histological changes.
myopes between -6.00 and -9.00 D Analysis of human specimens has
(5,6,7,8,9,10). Even with been limited, but animal
relatively short periods of studies and some human speci-
follow-up, PRK compares favor- mens have revealed epithelial
ably to RK. It can be expected hyperplasia, increased fibra-
that, as PRK techniques con- plastic activity, absence of
tinue to evolve, postoperative Bowman's layer, and, following

V results are likely to improve; initial obliteration,
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reformation of an often discon- experience, most patients are
tinuing basement membrane (14, overcorrected during the first
15,16,17). There has been some month following PRK and regress
evidence of induced Descemet's over the next 3-6 months.
membrane changes and electron- Based on short-term follow-up,
dense granular material has been it had generally been accepted
seen in primate studies (14) and that the refraction remains
identified as Type III collagen unstable for up to 1 year post-
maiterial, normally not part of operatively, settling within
the corneal histology (16). ±l.00 diopter of emmetropia
There histological change- frost 75-98% of the time. It is
the corneal optical window and associated with 20/20 vision or
are believed to be the source of better in 58-75% and 20/40 or
postop visual haze, glare and better up to 95% of the time in
starbursts and a factor in myopes less than -3.00 D preop-
cau-ing haloes. Our ability to eratively (5,6,7,8,9,10).
evaluate the impact of haze and Individuals with higher preop-
glare objectively and, more erative refractions have poorer
sp.-ifically, aeromedically is results in general. However,
not ideal. In genuzal, all recent observations of late
patients will have readily regression beyond 18 months and
observable corneal haze for up to 26 months post-PRIC have
3-6 months postoperatively and raised clinical concern that
most experience significant stromal healing may be much
fading by 1 year (8,9,18). The slower than had previously been
greater the intended refractive assumed. Persistence of what
change, the greater and more appears to be the original
persistent the corneal haze, concentric ablation rings
which parallels the poorer post- beneath the epithelium has
PRI VA resuJts associated with seriously challenged the
higher myopes. One primate stromal remodeling hypothesis
study revealed the histological in post-PRK healing (19).
changes believed to be respon- Residual refractive errors
sible foz corneal haze to occur at least 40% of the time
persist when the animals were and in most cases would require
sacrificed at 18 months (16). postoperative correction of
Corneal clarity postoperatively some type to achieve best
impacts on several aspects of corrected visual acuity (BVA).
visual performance, especially
at reduced light levels and at Recurrent erosions: Post-
night. operatively, the corneal epi-

thelium must reattach to the
Pain: All patients experi- underlying corneal stroma.

ence pain post-PRK because of Normal histology involves the
removal of the cornea] epithe- reattachlment of the epithelium
lium. This pain generally to the underlying basement
resolves with reepithelializa-, membrane and Bowman's layer.
tion of the cornea, which occurs However, in this procedure, the
3-5 days postoperatively. natural Bowman's layer and
Although corneal pain may have a basement membrane are delib-
rate-limiting effect on some erately removed; consequently,
individual decisions whether to the corneal epitihelium must
have the procedure, it is not reestablish anchoring fibers to
considered an unmanageable or underlying corneal stroma and
prolonged problem. reconstituted basement

membrane. Basement membrane
Instability of refraction: material is reproduced similar

By design and from clinical histologically to the original
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in most aspects, but differs to minimize the corneal haze noted
some degree. Bownman's layer is postoperatively and appear to
not reconstituted, but no one undergo myopic regression if
fully understands the importance steroids are discontinued too
of this layer to the cornea, soon (3,21,22,29). However,
Although reepithelialization steroids secondarily delay
occurs in all patients within normal healing, and abrupt
the first postoperative week, cessation of topical steroids
the long-term potential for has been associated with dense
recurrent erosions, especially corneal scar formation. To a
when these eyes are challenged certain extent, utilization of
with contact 2enses, remains this medication is dependent
undetermined. However, most upon postoperative response.
groups have reported that Some patients may require more
recurrent erosions are not a prolonged steroid treatment
significant problem short-term. than others. A recent double-
Recent reports of recurrent blind study supports no statis-
erosions have emerged and tical significance associated
preclude us from totally with either anterior stromal
ignoring this possibility. No haze or refractive outcome
post-PRK contact lens studios after 6 months following PRK,
have yet been reported. with or without steroids (2),

but others dispute this finding
Over/undercorrection: (3,21,22). A significant rise

undercorrection of refractive in intraocular pressures, asso-
error can either be an intended ciated with long-term steroid
surgical target or a result of use (greater than 3 weeks), has
stromal healing/epithelial been reported in 11-24% of
hyperplasia. Although most cases (8). Because of these
cases are deliberately overcor- issues, topical nonsteroidal
reoted postoperatively, these anti-inflammatory agents are
changes tend to regress over the being investigated, but
next 3-6 months. Some investi- ultimately may not be found as
gators have reported changes effective in reducing corneal
beyond the 12-month period, so haze as steroids. Clinical
far as late as 26 months, but experience with respect to this
generally at least 1 year issue continues to evolve.
usually has been necessary for
stability. Residual undercor- Decentration: It is impor-
rection could potentially be tant that the photoablated zone
retreated with an additional be reasonably centered around
PRK. However, once corneal the visual axis. However, one
tissue is removed and a residual of the most disastrous conse-
overcorrection exists, correc- quences is eccentric ablation
tion will require the use of or decentration in the applica-
glasses, contacts, or more tion of the laser energy. This
extensive surgical intervention phenomenon is associated with
such as corneal transplantation, '-he most serious postoperative
or perhaps future laser appli- su,-jective complaints,
cation. Large overcorrections incr-eased postoperative
remain one of the most serious astigmatism, and the greatest
complications and have been loss of BVA. It has been
reported to occur more often in associated early on with 5% of
steroid responders (20). cases using the erodible masks

(20). Althougn it's rare, when
Long-term topical steroid it occurs, it presents a

use: All patients require the difficult challenge and may
use of topical steroids to ultimately lead to penetrating

-I'
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keratoplasty (corneol trans- elements such as optical
plant). changes in the mirrors or

optics of the system and local
Decreased BVA: The potential tissue effects from plasma

to permanently reduce BVA post- shielding (23). Second- and
operatively has been recognized third-generation excimer lasers
as a problem following PRK. (i.e., the mini-excimer) are
Philosophically, surgeons define being designed to improve upon
success, VA, and scarring the laser energy profile and
differently following PRK. The to reduce the potential for
factors that determine postoper- surface irregularities from
ative VA are basically a combi- homogeneity of the beam. These
nation of histological corneal factors, in combination with
changes, scarring, related enhanced algorithms, will most
optical factors, and a reduction certainly imprc're upon this
of contrast sensitivity, aspect of the procedure, but
Regardless, permanent loss of it's too early to tell to what
BVA of one or more lines after extent.
2 years has been reported to be
as high as 8% of cases in myopes UVC exposure: The excimer
with less than -7.00 D preoper- uses 193 un UVC energy. This
atively and 12-18% in individu- wavelength possesses sufficient
als greater than -7.00 D (8,11). energy levels (6.4 eV) to break
It is important to realize that biological and chemical bonds,
this has been for the duration resulting in the formation of
of follow-up, which has been as free radical byproducts in the
much as 2 years in the cited surrounding tissue. The muta-
studies. Improvement with time genic and carcinogenic poten-
remains a possibility. tial from this process is

difficult to assess. However,
Corneal islands: One of the the association with the

optical requirements of any production of free radicals
corneal sculpting procedure is from these types of energy
that the resultant refracting levels and tumorigenesis and
surface, in this case the cataracts has been established.
anterior coineal surface and the The human cornea concentrates
reepithelialization process, free radical fighters such as
must be smooth and clear. One glutathione and vitamin C in
area of technical evolution in the anterior stroma, presumably
PRK has been directed at con- to counteract this phenomenon
trolling how the laser energy is from ambient WVA and UVB expo-
applied to the cornea to smooth sure. Nonetheless, there is a
the transition from normal higher association of cataracts
cornea to ablated cornea. So with chronic sun exposure.
far, the histological response Whether these free radical
to uniform applied energy has fighters are sufficient to
had some inherent unpredicta- counteract the effect ol the
bility and uncontrollability, more destructive WVC wave-
In general, the better the lengths long-term is unknown.
transference of the energy and
control of its impact on the I1I. •_W1nnuvnrta ' ISSUES
cornea, the better the post-PRK
refractive surface that remains. The formula for success follow-
One issue concerns irregular ing this procedure is variable,
surface impact of the laser dependent on both objective and
secondary to poor homogeneity in subjective criteria. Surgeons
the beam profile. This problem might define success as a func-
may be exacerbated by other tion of the final VA achieved

I '
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and its complications, can be additive and ultimately
Patients, on the other hand, exacerbated by a compromised
may define the success of this final refractive window, the
procedure as the ability to cornea. Present studies Lavol

exist without the encumbrances that 30-50% of post-PRK corneas
of thick glasses. Their new generally appear "clear" on a
visual status, even though it slit lamp examination and are
may be associated with some symptomatically regarded as
subjective complaints, may be "clear" during the first year,
well. tolerated, given the with a gradual tendency toward
alternative. On the other hand, clearing over time in most
when we approach surgical proce- cases. Seiler reports glare
dures aeromedically, these per- and haloes in some post-PRK
ceived minor annoyances in the patients despite clear corneas
general population may be (6). McDonald reported objec-
seriously magnified and become tive corneal haze present in
considerably more potent and 64% of patients at 1 year (18).
seemingly disproportionate One primate study continued to
issues when related to aviation, show histological changes that
For that reason, it's impera- produce glare still present at
Live to approach some of these 18 months (16). There is no
issues differently, engaging question that glare improves
them from the persuective of postoperatively, but so far,
their impact on aeromedicciL it cannot be stated that it
decision-making. resolves in everyone, either

objectively or subjectively.
Glare/haloes /haze/starbursts/

dim lighting/night vision In one recent study presented
difficulties: These issues at the Summit Excimer Laser
interrelate and were discussed User Group Symposium, 51% of
under general excimer compli- PRK patients (myopes preopera-
cations. However, we must tively less than -6.00 D)
consider that the target popu- complained of glare-disturbed
lation of this procedure is night vision 3 months postoper-
clearly intended to be individ- atively, compared to 14% preop-
uals in the moderate to high eratively; 12% were regarded to
myopic range (-2.00 D to -6.00 have significant problems
D) who preoperatively in most driving at night (24). At 12
cases would not be qualified for months, 38% complained of minor
entry into pilot training. On• disturbances of night vision
mnust und3rstand that within this and 5% significant problems.
mLyopic population the overall One alarming study assessed
improvement in VA more often post-PRK disturbances in night
than not would be far more vision to be present in 78% of
desirable, have a far wider its patients early on, 70% at
range of acceptance, and 1 year, and, and 2 years, 10%
generally not be overridden by complained sufficiently enough
any secondary glare that might of glare that they declined to
be involved, have PRK performed on the other

eye (12). The etiology of
Glare testing remains elusive in glare and haloes, besides
many respects, and often is histo-logical changes, includes
subjective or based on patient a double pupil effect, the
surveys. Glare is clearly sudden contour ridge between
regarded as an unacceptable normal ti -csue and ablated
element in the aeromedical tissue, opti-cal effects from

¶ environment. Glare sources paracentral/corneal islands,
within the cockpit environment and an overall reduction in
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contrast sensitivity following Reduced contrast sensitiv-
this procedure. The double ity: Both induced glare arid
pupil efteet is a comnination of corneal haze would be expected

changing pupil size relative to to reduce the overall contrast
PRK plateau size and optical sensitivity of the eye. VA
changes pro-duced by the abrupt standards are based on high-
vertical edge at the termination contrast Snellen targets.
of the PRK zone. Under dimly Under lesser contrast condi-
lit or night tasking, these tions, visual function is
factors combine to produce determined by contrast sensi-
glare, haloes and starbursts, tivity, which becomes a criti-
all of which impact performance cal element of performance in
(1,25). Gimbel rep,-tI;i patient the multicontrast aviation
survey data revealii,. that 60% environment. Although most
of bilateral PRK patients countries have no current
reported reduced qualitY of aviation standards with respect
vision in dim light, 38% recduced to contrast sensitivity, an
vision in artifical versus individual's ability to per-
daylight, and 50% reported night c!ive contrast has been
driving difficulties (28). Data recognized as a critical
collected on glare and haze has element in overall visual
been variably and subjectively performance. A procedure with
influenced by the assessment the potential to negatively
techniques employed. Many impact on contrast sensitivity
studies report only haze greater must be carefully evaluated and
than trace. Kim et al. (1) monitored until suitable scien-
reported subjective night vision tific work documents its
symptoms in 21% and glare/haloe, impact.
in 10% at 1 year post-PRK.
McDonald's (18) data has been Sophisticated contrast sensi-
interpreted clinically by some tivity testing post-PRK is
to have "virtually all clear lacking. However, using the
corneas" at 6 months. However, Vistech contrast sensitivity
89% of those corneas actualty chart, an overall compromise in
were objectively graded to nave contrast sensitivity across all
trace (barely perceptible hare wavelengths which has persisted
apparent only to trained obser- up to 1 year has been reported
vers) or i+ corneal bhr-- ,mild in 1 study in 100% if patients
haze not affecting refraction). post-PRK (25). Although it can
The correlation between corneal, he expected that as haze within
clarity and its impact needs to the cornea recovers, contrast
be further refined. Other sensitivity performance will
studies report the levels of also improve, this question
glare/haloes at 1 year were has yet to be resolved and
greater than trace in 50% of remains a potentially signifi-
patients following PRK. Within cant issue germane to the
the general population, trace aeromedical environient, one
or less glare may be acceptable, requiring a determination to
given the uncorrected alterna- be made after longer follow-up.
tive in myopia, but within the To do so prematurely or to
aviation community, unnecessary accept ill-defined reduced
glare can only be a negative contrast sensitivity
factor exacerbated by the other performance in prospective
glare sources inherent in that aviators, until it is fully
environment. understood, seems to be acompromise in rational aero-

medical logic.
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"Structural integrity/Stabil- predict what the aviation envi-
ity of refraction: There is no ronmient's impact will be on
question that RK structurally post-PRK corneas. This deter-
weakens the eye. This weakness mination awaits further inves-
occurs by virtue of the fact tigation.
that nearly 90% through-and-
through incisions are made Epithelial/subepithelial
deliberately in the cornea with integrity: We know that the
a surgical knife. PRK removes a corneal epithelium regenerates
thickness of tissue upwards of and that this tissuc normally
10% of the total corneal depth, reattaches to a basement mere-
within a 6-7 rm zone at the brane and Bowman's layer nf the
corneal apex. Thus, the overall cornea. PRK, however, removes
corneal thickness in any indi- the normal Bowman's layer and
vidual is reduced by an amount basement membrane over the
depending upon the intended central cornea, forcing the
refractive impact. Although it epithelium to reepithelialize
appears that any structural over ante--ior corneal stroma.
weakening of the eye induced by At this irtertace, fine colla-
PRK, by virtue of the reduction gen syntiicsis occurs as well as
in thickness arid the unknown the forma' ion of new basement
contribution of Bowman's layer memdbrane riaterial somewhat his-
to Lhe coruca, would be expected tologically different from the
to be much less than in RK, one original. Bowman'-s layer does
cannot predict exactly what the not reform. The regenerated
corneal rigidity will be post- epithelial-stromal interface is
PRK. Statements regarding hyperplastic and associated
corneal rigidity or strength, with increased fibroblastic
without definitive studies to activity which contributes to
support those claims, cannot be this collagen synthesis. The
made. It is anticipated that reformation of the basement
this will not be a clinically membrane reveals areas of
significant issue and that there discontinuity. The presence
is a possibility that the pro- of Type III collagen has been
cedure might "weld" the cornea confirmed in primates by
into a stronger structure. The immunofluorescence techniques
point is, we do not know yet (26). The long-term sequelae
exactly what occurs post-PRK. of this new histological

alteration of the cornea and
There is a hyperopic shift post- the capacity of the epithelium
PRK and a period of instability to remain attached to the
that slows over a 3- to 6-month underlying tissue remains
period, continuing at least poorly defined. Recurrent
1 year and sometimes beyond. erosions or loss of new regen-
Studies have revealed that erated corneal epithelium
refractions may continue to be because of ineffective connec-
unstable for up to 26 months tions with underlying tissue
(19). This was initially were anticipated to be a more
thought to be the case with RK, significant problem than has
but we have learned that these been the case so far. Several
refractions can remain unstable recent observations have reas-
for periods of 3-5 years, and serted concerns over recurrent
new data has shown that RK erosions, but short-term
corneas are susceptible to experience is encouraging.
altitudinal-reduced refractive Epstein's et al, (19) observa-
changes. Although the surgical tions have forced us to rede-
mechanism is different in these fine corneal stromal remodeling
two procedures, we cannot and its time course post-IRIC.
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Aeromedica•]], the ability of sowe countries for optimal cor-
this altered cornea to support rection of refractive errors
the use of a contact lens has (or as an integral part to
operational significance that enhance biological coupling
will be discussed below, with a weapons system), the

post-PRK contact lens issue is
Endothelial cell layer: The a significant one in aircrew.

single cuboidal layer of endo- Recognizing that generally
thelial cells on the innermost 58-75% of the patients are
surface of the cornea serves as reported to be 20/20 or better
an osmotic pump to remove fluid uncorrected postoperatively,
hydrostatically pushed into the with 85-95% at 20/40 or better
cornea. The endothelial cell uncorrected, there is still no
population is fixed; these cells question that a considerable
lack ability to regenerate. In amount of residual refractive
the presence of increased fluid, errors will persist and require
the cornea swells and turns correction, either by glasses
opaque; hence, without the or contact lenses, Even though
endothelium, the cornea would appr-oximately 75% of the
not be able to remain translu- patients are reported so far to
cent And becomes edematous. have postoperative refractions
Failure ut thiq layer to main- within +1.00 1 of eirmietropia,
tain a clear cornea ult-imately it appe',cs that 40% of individ-
leads to the d,.compensatiun oL ual.; postoperatively will still
the cornea in many disease require correction to assure
states causing decreased VA and BVA. In the general popula-
a potential requirement for tion, the importance of this
corneal transplantation. PRK issue is diminished, but aero--
and its impact on the health of medically, it is quite sigitifi-
the endothelial cell layers cant. If operationally some
postoperatively, is of concern, countries continue to use con-
Sc far, there appears to be no tact lenses in aircrew, the
recordable loss of endothelial health of the corneal epithe-
cells, although in some animal lium and its capacity to sup-
studies, there has been a port the use of a contact lens
recoverable transient disrup- requires serious consideration
tion of endothelial cell density and evaluation before we assume
over 1 year (27). The produc-- that aircrew will be able to
tion of electron-dense granular tolerate these lenses at all
material at this layer has been following PRK. To date, there
demonstrated in certain animal is limited clinical experience
studies and has raised the with soft contact lenses post-
question regarding the etiology PRK. Anecdotally, clinicians
of this phenomenon and its involved in PRK studies have
relationship to PRK (14). There found very little requirement
does not seem to be the problem to prescribe soft contact
with the endothelium that was lenses in their patients pos-
anticipated; however, longer- PRK. Simply, they are just not
term follow-up in these patients being asked for by patients
is required to determine the post-PRK. WhetlheL this means
clinical significance of the the general public is content
effects of PRK on this cell to have residual uncorrected
layer beyond our limited post-PRK refractive errors
experience, because they recognize such a

tremendous improvement that any
Contact lens wear: Because subjective VA disturbance

of the aeromedical adoption of remaining is trivial, or
contact lenses operationally in whether glasses suffice, or
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neither, remains to be defined the otherwise normal routines
before any deci.3ion is made with recommended in such myopes.
respect to PRK in aircrew who This could lead to an inability
may operationally require to detect early myopic changes
contact lenses. Will post-PRK such as tears or holes that
eyes wearing contact lenses be might have been identified and
at any increased risk for treated earlier and puts at
corneal ulceration or complica- risk the considerable financial
tions because of the alteration investment made in what was
in the histclogical relationship perceived to be a normal
of the cornea post-RK? Will candidate. It would be foolish
they be able to tolerate contact to assume that everyone who has
lenses as long and under the had this procedure will self-
same conditions that have identify during the application
scientifically validated their process. Corneal topography
operational use only after becomes an essential tool to
exhaustive clinical research and identify PRK cornea.,.
experience? Additional exten-
sive aerumedical research to Double pupil effect: Seiler
justify the use of contact reported that more than 10% of
lenses following PER will be patients treated with a 5-nmm
mandatory for those of us who ablation zone report haloes
continue to embrace flying during night lighting condi-
candidates with refractive tions and that glare and haloes
errors, some of whonm will cer- also occur in eyes with virtu-
tainly pursue PRK privately, or ally clear corneas. Even at
even if at some p-int we employ 2 years, there can be signifi-
PRK for whatever reason cant glare-induced visual
aeromedically. deficits in eyes corrected

by more than -6.00 D (6).
Masking myopic retinopathy: Although many factors contri-

It can be anticipated, just as bute to this night vision
with orthokeratology and RK in problem, the induced double
the past, that individual,-, in pupil plays a role under dim
their quest for expensive mili- lighting. By creating a
tary aviation training, even in central 6- to 7-mm plateau on
countries with strict entry cri-. the corneal surface, there is
teria, will fail to notify the the potential to create a
medical screening authorities situation at the edge of this
that they have undergone PRK. zone which optically comes
In fact, without corneal topog- into conflict with the dilating
raphy, it will be extremely dif- pupil under reduced light con-
ficult, if not impossible, to ditions. This sudden contour
detect individuals who have had cutoff results in optical dis-
this procedure done. These same tortion that will be aggravated
individuals would have been in by a changing pupillary aper-
the moderate to high myopic ture, creating retinal image
category, and not usually within degradation, resulting in
a range of consideration for glare, blurring and visual
flying training, even in coun- confusion. Other paracentral
tries with lenient refractive corneal effects due to beam
standards. In general, this heterogeneity (corneal islands)
range of myopia is at higher contril te to this phenomenon.
risk to develop myopic degener-. Night :)erations in a high-
ative retinal changes. It can threat environment make the
be anticipated that dilated cockpit a unique environment.
fundus exams in such cases might This issue is fundamentally
not be accomplished according to different and has significantly
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less relevance in the general the formation of free radical
population, even though within byproducts--the tissue "bad
that population we do see prob- guys." The association between
lems driving at night (in one free radical formation and
study, 10% of the eyes experi- tumorigenesis is well known.
encing glare chose not to have The association of cataracts
PRK on the second eye). No and UV is also well known. The
single issue deserves more role of free radical fighters
attention with respect to the present in the anterior corneal
aeromedical implications of PRK epitheliul and their ability to
than the issue of night vision overcome this induced UVC
difficulties. Certainly, threat is unknown. Will there
technological improvements in be an epidemic of cataracts in
the future, in both equipment aircrew 5 or 10 years down the
and algorithms, will likely road? Or worse? Are we
improve on this phenomenon. willing to take this chance in
However, since it is a multi- aircrew based on what we know
dimensional problem, it is so far? The long-term after-
anticipated that there will math and sequelae from this
still be considerable potential procedure with respect to these
to compromise night vision, issues remains unknown and
Given Lhat functional clinical undoubtedly will do so for
tests are less than desirable in decades.
assessing this performance
category, and given that the Unknown long-term complica-
nighttime arena will undoubtedly tions: This issue involves a
remain supreme, at least ini- combination of unpredictable
tially in any future contin- and unforeseeable variables.
gency, then the night vision We do not know what the long-
effects of PRK should loom large term ramifications of the
in our decision-making process, removal of Bowman's layer to

the central cornea will be. We
Mutagenic/carcinogenic/cata- do not know what the long--term

ractogenic potential: The same consequences of the collagen
mutagenic/carcinogenic/catarac- formation of the type that
togenic issues associated with occurs in response to PRK will
UVC energy levels apply to both be. We do not know if the
civilian and military popula- corneal endothelial cells or
tions. We cannot begin to pre- any corneal layer will undergo
dict what the ultimate impact of later degenerative changes
this radiation will be on the based on the impact of this
corneal tissue with respect to procedure. Given the
future scarring and/or the mutagenic/carcinogenic
development of metaplastic or potential of UV radiation in
neoplastic changes. This is a this range, we can only
completely artificial situa- theorize about the long-term
tion, because normally we are consequences of the energy
not exposed to UVC, even within directly applied to thu eye.
operational high-altitude exuvi- We do not know if UVC, adminis-
rounments in or out of the cock- tered in this way, will have
pit. We do know that the energy any greater impact on cataract
levels associated with the formation in the lens. We do
excimer laser are quite high not know if any residual cor-
(6.4 eV) and are intended to neal haze or scar will worsen
break chemical and biological in the future, result in
bonds within the target tissues changing refractive errors,
to achieve its effect. Unfor- induced astigmatism or a host
tunately, it also results in of other potentially vision-
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debilitating conditions. We do expensive and important
not know what the consequences resources who are becoming even
of all these factors, taken in more critical as our air forces
total, will be on an eye. What drawdown. (Hopefully, they will
we do know is that the 1-year not become an endangered
stability issue has been chal- species!) No one can forecast
lenged by longer observation, whether an individual who has

received a PRK is a good can-
IV. CONCLUSION didate for graduetion from

flying training, let alone
We can all peer into our crystal provide a return on the tremen-
balls, touch our lucky rabbit's dous financial investment made
toot, and be optimistically in that individual. What
predisposed by the potential little is known and the vast
significance of this exciting majority of what is still
new procedure that makes unknown about this procedure
favorable predictions easy to should dictate that medical and
come by, but we also must fiscal prudence be the rule. I
recognize that there is a vast do not believe that, as aero-
difference between acceptabil- visual scientists, we should
ity of this procedure in the aggressively challenge our
general population versus the standards with a new and
aeromedical coaaunnity. One can unknown area of science,
even get up on a soapbox and circumventing sound medical
herald warnings of pending judgment, and allow these
ocular doom. The fact is, none individuals to fly. If we are
of that is science. interested ii. selecting the

best possible candidates, given
Assessment of PRK and its issues the realities of the diminished
obviously will take many years, training allocations, there
and during that time caution appears to be no need to con-
should be the byword. Despite sider a procedure and all of
the relative inexperience with its ramifications and potential
this procedure and the data problems in our speciL'lized
presented based on only a few population. It makes more
years of observation, there profound sense to approach this
appears to be no question that procedure conservatively from
PRK will provide myopes with an the sidelines, to analyze it
available alternative to glasses with respect to our unique
and cont.,ct lenses. PRK will medical environment, and to
undoubtedly become routine, make an informed but highly
proven technology, providing specialized decision only after
that unacceptable complications we have satisfied ourselves
do not arise. However, the that the procedure is abso-
applicability of ERK to pro- lutely sate and, hopefully,
spective aviation candidates and predictable. In the meantime,
exquisitely trained assets is an we should advocate for a
entirely different matter. I unanimity of opinion against
can find no medical rationale the appropriateness of this
supporting a procedure's appli- procedure in aircrew. Any
cation to a potential aviation endorsement less than this
candidate pool while it is still is a Pandora's Box that, once
clinically evolving and aero- opened, will be difficult to
medically unnecessary. It must close, on sheer inertia, as
be remembered that we should vast numbers of individuals
approach aviation candidates receive PRK in the future and

L from the perspective of a long- challenge our standards. If we
term investment. They are do it for one, what stops us
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MEDICATION IN 1t1E COURSE OF ACTIVE FI,¥INZ DUTY

M. Rada
A. I)voeik
J. Sulc

Institute of Aviation Medicine
Prague 6, P. 0. Box 19 Czech Republic

SU4NAARY different attitude is adopted towards

The Czech ILstitute of Aviation Medi- tihe fully trained and experienced air-

cine deals with the practice of meui- sin. The process of aging, negative

cation oi ainiun without tie prohibi- life-style habits and permanent stress

tion of active flying over 25 years. accompanying the airman's profession

Tlh experienuc with medicai treabsent can end the career because of health

of 420 airmn during the 1982-1993 pa- troubles even in a considerable earl|-

niod is presented in detail.s. Plain re- er age, than was originally plarmed.

asen for einploysrnt of this policy o- Despist preventive orientation of avi--

ilows frcm thie successful managuxsont atien iedicine the health of soam air-

of initial stages of primiry hyperten- nun worsenoe niiny years prior to theU

sion as well as of uther health dis- natural leaving of his/her occupation.

turbances. Hypertension counts for nbst of them have no subjective can-

57,9 % of all cases liable to 2dllAca- plaints and keep their sutivat-ion for

tion, boeing most often started in.i de flying at high level. Significant num-

second half of the fifth and first lxsr of those airmen can h-e relieved of

half of the sixth decade. Mean durati- their complaints by application of of-

on of lxdication took 3,4 years lead>- Ifitive phaimuceutictsls. A sophistica-
nq to the overall prolongation of ac- ted approach of aecroncdical specia-

tive flying to- 2,9 years. A canbina- lists can nsini ficantly prolong proIc-

tion of two antihypoertensv i 1;w agents, ssional ]lng'evity of ainren without

viz. the diuretic and the beta-blocki- threatening the flight safety.fhic peo-

ng agent appears to be the most offec- b~ias considering flying with nx-dica-

tive muetod. tion has belen managexd seriously in ma-.

/Viong other frequently app] imd ph)arsk- ny countries during the last two dccl

ceuticals Iiypolipidaemic 011d h(iekito- dos. Valuable information frail ri.sc -

protective agents along with vitamlin arch laboratories as well as fran ac-
coijnxxind re•idies should be included. rcdimical practice was coilected,which

The introduction of medication must cuciently allows to evaluate thji; pro-

precede a thour-ough medical cmd psy- blei rationally.
chological xamnnatjon, reixata prior
to waivered certification. IRegular ob- 2. BACKOUNI

servation purforskd by a flight surge- 'lhue InstituLt of Aviation Mcxhicine,
on or a licenced aeroinedical examiner Prague since its foundation in bI•3
is imandatory. With observance of res- provides cmploete aeronrdical heallh
ponsible policy the preservation of an service for all groups of milditary and
ainrmn in active dut-y despite his/her- civilian flying personnel. Along with
mendication brings significant economic ordinary aeraind]ical examination of
as well as social beanefits without the all professional and non-professional
flight safety impairseat. airm-en and air traffic controllers it

also rovides a thorough exani natt ion
IM'1ODU"I'ION of a] I crewmirLers, dispatched by f].i-

An aimmao',s training belongs to tHie g!it surgeons or- aviation :,' Nical oxa-

nmst expensive activi lies in preplring iuners with a susrxsc ion oA serious

a i•n for professionai career. ma'kt is health disorder.leeularly this examni-

why aerandical authorities nmke consi- naltion is pertoroncd at the bed ward
derabie effort to select only thusn ap- of the institute [or a few days.
plicants, who provide a guarantee for When a disease,reguiring iedication is
keeping up their career in active duty digodstdadpceuewh -
for a sufficiently long tjiin. ScntŽ_what ticipation of inany aermnedical sjxcia-

Presented ay a Syvn,,sium on 'The Clinkicl Basis fur Acraomedical Declsion Making', April 1994.



lists takes place under the supervisi- Another valuable study was set up by
on of Acraomdical Board.'Fyr expq-erienice Sehamlreth at al . in 1977 (3). The rc-
obtainied in the course of 3 de-cades in suits of nr'dic~al treatnuont of 96 by-

this ieldis prsentd. ertonic airmnk-i with wean ago of 46,5$
- years were gliven. SamŽ of thlm have

It. should be hardly stated, that nobe- been control led up to 10 years. The
dy should perform in flying or ATC do- waiver enabled thaii to fly for further
ties while bon4ingj influenced by any 249 years. Another group), consisting
drug, which may have ain adverse effect of 61 aviators, was treated for vario-
on his/her par forimanco, unless Aeranok- us diseases, viz. for hypeorlipidaesnia,
dical Board gives a consent to such an hyperuricaenna, glucose tolerance dis-
exception (8). All. physicians, dealing orders, arrhythoflaas, hepatopaktias and
with aircrew nnnbors or ASC staff are tiycopatias. 'The scan age of referred
usually aware of the poteontially noags- group was 44 years, medication lasted
Live effects of whatever pharnuiceuti-- fram 2 to 8 yealrs. 'Petal prolongation
cial thiey prescribe, in any case they of active flying reached 127 years.
are obliged to inform11 the( Flying porn
sonnel of all possible side-offects based on similar encooraytny couinloi-
aind of th haadocotign ef itions, From tihe literature. (4,5,6) a
medication. Saretimus 'i)robeilms can art-- proqxrainuý for the regulated pract ico-
so with mudicancnts, freely available of' mnxdicaiicntous trialsnt of avato
without fldical prescriptioni In C7zech rx'rsondiel without interference in
rr'~nmhlic ocassionally ininor jati ',2m; their fli'aýhl Activitiesq was drawn up
artis~e when a juItoentially rink ncdico- in the Prague IN') over 12 years; age.
sent is proscribe-d to an ai'mmv~ by a (ntin attention was paid to the staffI
Practtitioner,not" Fand liar With iovollk-- with hyfpi.Žrtenslon disealse, hiut also
dical rules. ether disonlrCIS were' estadxlied into the

t'iesf steps, in sielication of aviation proqrahimK.iblbigatoiy iegiimon was tista-
j'iWsonnol nade the linstitute of' twla- blishod, bise~d on followinq rules:

tion Medicine, Prague in theý early se-- 1. '['li disiease withiout jmxlicaionn
v(isit jew (1) . A questiortiai ye for r-neci-- %wuld have. wo-.rsened and in iii-, seuine
viny a basic informaution on tioheomeis- way would lend to an indefeasihiP Ci'i:;--
uLse Of sudicanu:nts by nd litary pilots qua] i F ication.
was sent to 212 wives. Subsequentlly a 2. I'Ii miudjicationk startedc in thek. coul--
tabletl's idenitification test withi a s(. of toijuorary acailuing Ni the inn;--
group of* 70 pilot and] 70 grou~nd-pe'r- titutc' and its effect was Ca re FulIy
sonnel Was jxfn1 outd- It followed, noiord
that 20 -- 41 % ofi military pilots are
prone to the sefidiaicm, minly .3.1'otetiai of i oct oii iin~itil Functions
in tie- eaise of nena~iche or camion cold was objectivoe]y tlot'riiiiineil by relv V--
cccilaioa)ly ai1c1lgeS.CS,I;Auinly With bar- ted ixty~chlgicigmcl tests -
hi turalte eal-iponnt and de(onqes tivi 4.1 ±l jilotn of single-seat1- airecralt:; a

Sremeies woe usedti-eadmisi test, tilt 1tabl~e i:i'sL mill
III tlhe, middle Of sekventies, the h-ither-- hyfuX.ic tes-It: mere carried oii prior to
to eqxperience with me.,dicatijon of 14 die, final. appro2Cval of suildical fitnecss -

pilot.s and 3 naivigzitors in the cow-se 5. in cast' of the_ s-c. risk factors
of previous 7 years was a,,n.raised. Il-10uocsc a ustlwpyi
ye hypx-ertesive pilots wor~e troatxi Cal c 01 elc, suchan obesityhlo physi--

withthlzide incanbnaton wth i-- ness etc. , pantiont was infonnudl of the
htydalaineresipie -Itur pilots ad- ncsiyt epth rnilso

lidnisteired oral hyrcg(;ycaoiiiie agent. wond Is~i- f-yL cptepinilso

due to a mild foerm of diiabetes. F our
pilots were treatcitd with anirttuberieti - 6- Airtman, who did not aelanit to miny-
lotics (PLS~ I [INOJ and raumining four tiocod regulatian:a, weeapprec,(iatedJ
CA1nni0rcial pilot worxe treated with an-- as unsuitable fur Flying duties-
ticolagulants, antiaclerotie anid vase-
dilatating pharmicucutleals. in 13o case In the past 12 years 420 aviat ion

a dleterious effect of modication en Yro(li-ahiswefliwA i
flight safety was noted (2). thei lAM, l~raciue dIM'l to list mi-xi-ed(tl on
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in the course off active tlying. T'ab-- thiazides were substituted by potass-
lea 1. arid 2. indicate Basic charac- jum saving agents, as amilorid (KAlu-
teristics of the group. Total numbe-r ret to, Amticiaran etc. ). Nowadays me-
of indications is greater than the to teprolol (W~taloc), atonolol (Tenor-
tal of pilots,os sureý individuals, su-- nlln), bopindolol or pindolol are pre-
ff-rere fromnsore diseases. Though forrer], together with nifodipin (Cur--
the irian duration of mcdic"'ition is by dipirre) as the first choice sw-ans.
no scans long, it can substantially Currently isoptin (Verapari-l SfR 240)
prolong the professional career and soesis to be of value as a, safe, anid
in imny occasions aloows thy flyer to reliable ncdicancnt.
terminate hi is/herprof ess ion in requ- IThroo-c-oirbiniation therapy hais been
lar tuna- indicated only in 19 cases, b-ased on
mild, borderline or 1st degree hypor- ocembination of diore-ties, beta-bloc-

tninrepresented nea-rly hialf of kers and calciumii antagonists.
all indications. -imidlar results wore
obtainedA by King et al. (5) If 'ho inl- Side or adverse effect in the course
cidance of hylx-,rtension is close] y of tHie long-lasting irediication gea-ii-
associated with progressing age (7,11 rally hi ,C 1 ave banýi i-are and miid.ln only
12,13). As Table 3 Besonstrates, 5 ' a few eases calciumii antagonisf1:s pro-
lxvr cent of nridicatix. hypIertensive o(-d idcualcxnm, ihu h
ainwon Fell betw~rni the rango of '50 n0ce'ssity of, interruptLion of treat -

to60 yxr-rs. au1nit. Tcire affection disapfx~ar-cd in a
to -hort time ifter do-se lowering.

Tableo 4. do0Currunts in sore det~ail the
duration of Ueabc'nt- of' 252 hyperto- lýsdsfrpr si Yagoup) of' 183
flies Maximuml ainrmen were treated Clrm fier under-wen-t s~idmrll procedure,

Ito 5) yvars, starting at. the, age 49 dee to other dise(ases. 'They shared
to 54 yearrs. Over this mrqit-in Uieir equal~ly botw-cll w:x-tabol ic disorders,

nnxrfell gallyas thyafpro- l~jotcj)fxti0S and] otisIr d'(ISeass. Mci-
numb ter graduallyo~sia they or ra.bolic disorders were represented

aclitd theliiacli endd of fyufssinal c-r'e
In must be stressed, that 33 [I I oil,:s wt yolpdenaadhprrc
(13 %) zund 49 non-fi].ots (19 %) flew rida, Incidence of theseC dis;orders ii
with war verod certitacates for 0 to often zassociatod withl all inricaithy

11 yars!way of)Ililt. Ainii'n, whiose daily food
intake. Ž,xce,!Lds the sanitary norin, are

'fable 5. gives an account of thre tire- liable to suflfor frum mentioned] d-ine;--
re-)UpaiUCa] strategy'. Most often tUre rderu (14) . 130th disorders6 wore girl to0
cxarrbinatiun 01f two remed~ies was cho- cuirn-n amoxng Czecliuuluvnk a- onmen afI-
sen. it rrariwrilizeci undesirable side tc'r reach~ing the age of 40-50 years -

ef fects and at the sarune tixke it vx~r- When L a mild elevation of uric acid
rrnttod to) suffice with ai low dosage leIvels was Louil] Out, low--;xrinec diet
scberrkŽ, what uruakes the therapy much and alcohol prohibition were prescri--
sanfor ffra-n the aeranodi cal point of' bed. Only if these, siiiple suvasnro-s-.-
viow.'l'lr, treatmernt was always Started fproved inef-fectiAve and tjire ser~uml i.e--
winder the "sta-rt low, go on slow" cii- vela of uric acid yxnrnnent-ly ece
le. 'The first choice 11drrudicnurt in ded 500ff umoI./], treatricrt with nibo-
wost cases; was a thias.ide in a doe irinlol was sta-rted3. fReversioni to
of 25-50 m~g. Saret-iacos anl original normoal levels was reached in all enI--
Czech ann-seleýctive befe-biucker lIv- sea. 'There was no needA to discontinue
tiprazol (Trimupranol ) opex-ned1 the tlie drug and no attack of gout wIas

4 theapy.obse-rved as we!ll.

-1 in twco-axibination. ther-apy both iore- Abnonnaimii~tis in norums lipides priofi--
* tioned fpreparations, or a tfriazide Jo were of the sane origin, as was

With calcium clhannlel blocker, or a the lryrxruricaeuiia. Withi regard to'
calciumi chanLnel blocker withi beta- Mf 1 classification (15) typeslbJi
blockingq agent were used. Sincen late and IV fnvo bee~n found. Beside tire
Sutios the non-selective lx~ta--bloc- prescripti on of dietary regiimenr,
kers we-re gradlually changed [or pro- weight reduc~tion and alcohol resotri-
pNarations with selective effect- and c-tio.n,hypo~lip-!daomxc drugs were usedl.
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Favourable triglyceride-.lowering ef-- One pilot was successfully treated

feot was reached with clofibrate, with ferric supplementation and vi-
fenofibrate, bezafibrate and gemfi- tamins due to post-hannorrhaqe anae-
brosil, as well as with cholesterol mia Another pilot with Hhodjkin lym-
lowering drugs cholostyramnin and HG phenai in resting state was medicated
CoA reductaso inhibitors (Mevacor). with helpatoprotective agents and vi.--
All nmdicaments were admlinistered in tmnins. One pilot suffering fram
usually reconmended doses. Only one idiopathic proctocolitis was cured
case of mildly elevated transaliinases with sulphasalazine in low doses.
(SGor, SC(YP) level for a period of 3 Allylestrenoemi (Turinal) was pros-
mronths in the course of Mevacor cure crik-xd to the pilot with prostate
was observed. During the next 6 munt-- hypertrophy. Three airmen were medi--
hs their levels returned to nonarl cally treated with non-steroid anti-
values,in part duo to doses lowering, rheumvtics for osteo-artirosis. In

8 airnmen with 2nd type diabetes were no case of above mentioned rnedicati-
medicated with various pereral hypo- on any unfavourable side effects or
glycaemiec agents and diet. flight safety impairment were obser-

ved.
flepatopaties shared with 13,3 % at
thle nudicanuntous treatment Most of Tho rest of ai rmen suf fered fron
them1 wore represented by liver stea various health troubles of transient
tosis and steatofibrosis. Mostly character, and their medication was
tlhey appeared at the age of 35-45 govelrned with various spxecial ists.
years A14?roxintelly in 20 % they
were verified by liver biopsy. The 3 .. _S('IqN1.N
disorders were often associated with Similarly to the situation in air
obesity, hyperlip.dacmia and other industry of other cxmitrjes, even
consequences of going through viral -in Czeih republic tile hyixlvtension
infc•tions. Along with dietary iwra- represents a serious threat frcai the
suxes hepatop)rotective agents, an point of wiev of ainl.ln s professio-
Essentialo, Aicorat, Eagalon and vi- tml longevjty. 'I.e effort to saFrL
twins w(er prescribed. tihse sporialistis in /tLti r ori.ginal

The remanniug subgroup cinprised of vxrking classification lead in paist
65 individuals. 13 were treated for years to t11e revaluation of earlier
,an enlarge nt of thyroid gland of strict resiste•ce to their urdicati.

different origin and thyroiditis. on in the courseý of flying. In most
Except of two all of then were flig-- d5ses the nyidiction brings to the
ht attendats. Various caltinations affected individual back to the full.
of suppressive or substitutive trea- -value life. At the SZb-Wt ' mu thi
taent were successfully applied, accessibility of now sophisticated

phaninceutical proxluct s with mininum
A similar number (12) of ainiun was side effects shiifts the aeromudica].
treated due to athorosclerosis of speialists opinion in a msre pray-peripleral arterial tree in initial Iutic and rational direction,

stage Reoedies with platelet anti
aggregation effect,as acetylosalicy-- 57,9 % of all medicated air•en wore
lic acid, dipyridmnul and xantunol handicaped with nuderate to mild hy-
nicotinate were used. The risk fac- pertension. Signi.ficant rise of in-
tors elimination was a self evident cidence and prevalence of' hyperten--
part of the therapy. Patient vho re-- sion canes on at the beqginning of
fused to stop smoking were eliinda- the 5th decade, i e at the top of
ted fran the "flying-.despte--ndica- professional mastery of affected in--
tien" progranine dividuals Cases with secondary hy-

pertension were not included The
Foulr airmen with chronic bronchitis medication was always iniciated in
and/or bronchial astlhma were nudica- hospital (institute) req nun. Each
ted with peroral anidnophyline and airman underwent a detailed cardio--
with ketotifen (Zaditen)as a prophy- logical examination along with spe-
lac-tical ntamns for prevention of cial entry psychological investi~qa-
bronchial asthnm attack. tion. Later on the most suitable im-

.:_ _ _ '-
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dicaments were prescribed. As menti- 4. CONCLUSIONS
oned above for most cases a ccmbina--
tion of two drugs was indicated.Best 1. Medicamentous treatment in the
results were reached with joint app- course of active flying while obser-
lication of diuretics and beta-bloc.- ving strict rules, removing the risk
kers. Undesirable effects of thiazi- of unfavourable effect on physical
des on glucose tolerance,eloctrolyte and mental functions brings e b un-
profile or lipid patterns were rare
and in every case mild. Psychologi - on industry and for individual air-
cal investigation revealed type A mnn,disablod with a curable disease.
behavior in most individuals. 2. When carefully managed, pharmaco-.

Before giving a waiver each medica- uticals can contribute to signifi-
ted individual underwent two additi-- cant prolongation of professional
onal examinations by a psychologist: career without threatening the
one after 3 - 4 weeks of medication flight safety.
and the second after 3 months, All Properly indicated and controlled
airmen were regularly checked by mledication not only does not inter-
their flight surgeons or aeramedicai fere with demanding aiirman's per-
examiners every 3 montlhs. If necess- formance, but at the same time it
ary, they were readmitted to thie IPM reduces the speed of natural progre--
and further examination along with ssion of system lesions, b acconpany-
apropriate arrangement of medicati- ing the relevant disoase.
on was provided observing the de-scribed algoritbmn. 4, The paticipation of airmen in

aolishing the s.c , ri.sk factors

Effective control of hyperetonsion very often meets with their uncon-
contributes significantly to thle cern.
slowing down of organic changes, of
the progression of atherosclerotic 5. SUGGESTIONS
alterations including its cayplica-
cations as well as of the retardati- Looking for more effective means of
on of manifest heart (xionary disea- taking over toe medicated ainiuan
so. one could speculate upn tieto_ Ifor a roesonable care of the health
ssibility of even mere successful promoting life-style habits could
effect,if tie medicated airmen would probably lead to still better resu
be imore prone to the cbange of their lts-
undesirable life-style habits. In Elaboration thie means of reliable
this respects the results are not psychological testing of all me|di-
satisfactory enough. cated ainion would further raise

Despite these difficulties, the con- tJhe security of the procedure.
tribution of selected approach to
the problematic of miadication in ac- 6 1E0.LPIONS

j tive flyers must be rated highly After appropriate mastering of the-
both to the operational and to the oretical resources and of organiza-
individual benefits The entire gain tional principles by aercmedical
in performing of active flying rea- authorities it would be advisible
ched 1204 years., No less important to consider the medication of care-
is the delay of the develop-tnW of fully indicated and controlled in-f organic atherosclerotic impairmntnt dividuals who obtain the permission
particularly of heart coronary arte- to fly with waivered certificates
ries, brain as well! as kidney arte - for granted.
rics. Consistent control over medi-.
cated airnen Lndisputab].y contribu- 6. INEIEPCES
tes to the holding of high flight 1. Suic, j., 'Uncontrolled use of
safety level, No one of the flyers Su]caJ, "nontroilots" (i
with medication participated in any undienamats among pilots" (in
incident or accident,which could be Czech), Voj1. zdrav. isty, 39, 5,
connected with the medicamentous
treatment.
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7. ADDENDUM

Table 1. Basic data on medicated airmen

Rank Total Percentage

Pilots 306 72,9

Non--pilots 114 27,1

Total 420 100,0
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Table . Indlications for medic&mntous treatment

Indlications Total Mean age Duration of Total career
medication prolongation

Hypertension 252 49,2 3,6 y 866

Metabolic
disorders 60 46,8 2,2 y 124

Hepatopaties 58 42,5 1,8 y 116

Other 65 44,9 2,4 y 158

Total 435 47,4 2,5 y 1264

Table 3. The age at the beginning of atihypertensive therapy

Age period Pilots Non-pilots botal

20 - 29 3 1 4

30 - 34 3 3

35 - 39 16 4 20

40 - 44 13 7 20

45 - 49 46 16 62

50 - 54 74 27 101

55 - 59 31 2 33

60 8 1 9

, Total 194 58 252

_ _ _ -- -. . . . . . . .. _ _ -* . .
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Table 4. Duration of nedication in hypertension

Duration Pilots Non-pilots Total
(years)

1 63 15 78 31,0
2 37 10 47 18,6

3 20 6 26 10,3

4 23 7 30 11,8

5 20 2 22 8,7

6 7 3 10 3,9

7 6 3 9 3,6

8 9 8 17 6,7

9 4 2 6 2,4

10 3 1 4 1,6

11 2 1 3 1,2

Table 5. Therapy of hypertension in airmen

Therapy Pilots Non-pilots Total

Monotherapy 56 17 73

Two-oambination 127 32 159

Three-ccrbination 11 8 19
Four-omibination 1 1

Total 194 58 252
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